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Abstract

The introduction of the concept of urban resiliencenamaging riskof natural hazards

in urban areas is closely related to pointing out suitable resilience assessments. In
general, resilience can be defined as the ability of a given system to faceaphdsadf

to unexpected events, or stressful conditions. However, resilience can assume several
meanings and it can also be applied to various different field of analysis. The technical
literatures, indeed, offers a large set of definitions of resiliemoe many approaches

have been developed so far to study this property. Topical relevance of resilience,
especially in reference to natural hazards, is then combined with a broad scientific
debate.

In this general background, the thesis analyses urbamenesilto flood risk through
spatial analyses. Developing a conceptual definition of urban resilience, a
methodological approach is presented to assess urban resilience of settlements located
next to rivers. Assuming the configurational theory of Spaceayiat investigate the

spatial layout, urban areas are analysed, in reference both to their spatial and functional
features. Space Syntax is based on connections between the geometrical pattern of
urban spaces (as well as spatial and visual relationshipedre the latter) and urban
phenomena occurring within the said spaces. These connections are basically described
by measures of topological centrality. Therefore, presence of flooded areas is examined
according to its ability to affect spatial accessipjlconsequently influencing the use of
urban space. Applying the configurational approach, effects of flooded zones on spatial
perception and human navigation are examined, towards evaluating consequences of
floods on urban dynamics. All these aspectsratated to the capability of flooded

urban systems to mitigate effects of flooding, adapting itself to floddced
consequences and preserving urban functions. This ability actually corresponds to the
resilience of the considered urban systems.

The promsed methodology consists of different stages of analysis. Syntactic features
and urban morphology are considered, applying configurational techniques and
statistical method to process syntactic data. As a result, a set of objective and
guantitative meases are achieved, able to describe the degree of resilience of urban
areas located on river banks, or rather, exposed to flood risk.

Keywords:flood risk, urbanresilience, Space Syntax






Sommario

L'introduzione del concetto di resilienza urbana nella gestione dei rischi naturali in
ambito urbano é strettamente connessa alla necessita di individuare appropriati metodi
di valutazione della resilienza stessa. In generale, la resilienza di un sistéma p
definirsi come la capacita di quest'ultimo di far fronte ed adattarsi a perturbazioni e
cambiamenti indotti da eventi o stress improvvisi. Tuttavia, le molte accezioni che |l
termine pud assumere, cosi come i diversi campi di analisi cui tale concetesgere
applicato, sono alla base dnampia varieta di definizioni e studi della resilienza
presenti nella letteratura tecnica. All'attualita del tema in riferimento a sistemi urbani
soggetti a calamita naturali, quindi, si accompagna un ampio ditetiéntifico.

In tale contesto, questo lavoro si propone di esaminare la resilienza urbana rispetto ad
eventi alluvionali adottando una prospettiva di analisi spaziale. Sviluppando una
definizione concettuale della resilienza urbana, la tesi presenta pproceaio
metodologico volto allo studio di tale proprieta in relazione ad ambiti urbani
perifluviali. L'adozione della teoria configurazionale di Space Symamxe principale
metodo di analisi delle strutture urbarmm®nsente di esaminare il layout spézidi

gueste ultime in termini funzionali. Alla base dell'approccio di Space Syntax, infatti, c'e
lo stretto legame tra la forma degli spazi urbani (e le loro rispettive interconnessioni
spaziali e visuali) e le dinamiche urbane che si sviluppano althotd detti spazi
Questolegamee operativamente descritto daisure topologiche di centralita. In tale
ottica di analisi, la preseazdi aree inondate € esaminaiapetto alla limitata
accessibilitd spaziale chessedeterminano e alla loro influenzalluso dello spazio
urbano. Pertanto, |'applicazione del metodo configurazionale consente di studiare come
le zone inondate possano modificdaepercezione spaziale di chi naviga lo spazio
urbangq ripercuotendosi sui fenomeni urbani. Questi aspettitasollegati alla capacita

del sistema urbano di mitigare gli effetti degli eventi alluvionali cui esspaestse di
adattasi ai relativi cambiamenti indottpreservando le funzionalita spaziali alosu
interna Tale capacita corrisponde alla resiliedehsistema urbano.

La metodologia proposta € strutturata per fasi successive di analisi. A partire dall'esame
di caratteristiche sintattiche e della morfologia urbana, attraverso metodi
configurazionali e statistici di analisi dei dati, la procedura sviluppata consente di
ottenere misure oggettive e quantitative sulla base delle quali € possibile descrivere |l
livello di resilienza di insediamendittraversati o lambitdla corsi d'acqua eesposti al

rischio alluvionale.

Parole chiave: rischio alluvionale, resilienza urbargpace Syntax
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Introduction

The growing number of people moving into citibas produed an increasing urban
land developmentUrban expansion canausethe degradation of natural resources,
impacting the environment andnatural ecosystems. This process aldetermires
conditions of vulnerability tonatural hazardand, in case the progressive urbanisation
involves hazargbrone aeas, it leads to a concentration of people, assets and activities in
zones at riskWith specific reference tthe expansion of urban areas near riceurses

a mix of natural and humaimmduced factas arises Besidesthe aesthetidandscape
value, urban riversreate sensitive conditions: on one side, river systems lgan
changed in their morphologgr heavily degraded by water consumption and discharge;
on the other side, watercoursesn constitutea critical risk factor for nearbjocated
settlementsbeing the latter potentiallgffected bymajornatural phenomenat the river
ecosystem. Therefore, urban riveepresent twofold condition beingthe protection

of rivers from human pressure owatercoursesand riparian area® becombined with

the need of having control ovasks that could derive fromvater presencenotably the

risk of river flooding In this general context, disaster risk in urban areas results to be a
priority issug assuming particular relevance in mefiece to settlements located in

proximity of watercourses.

Flood events in urban areas can cadifierent significantdamages, affecting people
structuresand environment, wittboth shortterm and longterm impacts.Assessing
main factors andconsequencesf floods informs about magnitude of flood event
From an operational perspectivhis is an importanknowledgeenabling topoint out
appropriate actions to be implementedrderto prevent, mitigate ocopewith floods
Flood impactscan be understood not juest effects dermined by hazardowesrens, but
actually as factors against which an effectivecover ability is required This
observation allows taconsider flood impactsnto the wider context of managing
disaster riskhroughintegratedmeasures ofvent prevention, response and recovéry.
other terms, a clear understanding of flamisesjmpactsand consequencesan be
assumedasa step bwardsthe definition of how a systemwas or wouldbe, able to face
and recover by calamitous evenfdepending on whether a past or a probable future



event isstudied. Therefore, bllowing thegeneraldefinition of resilienceasthe ability
of a systemto withstandand adapt itselfto anunexpected crisjghe concept ofirban
resilierce to flood everstcan be dducedas the capability of a flooded settlement to

prevent flooding (as far as possible) and efficiently face fioddced effects

Urban resilience can be interpreted in many different waystaoah be analysed from
severalpoints of view. A conceptual definition results an essential preliminagey &i
properly set both the specificanalysisperspectiveand the analysismethod to adopt
aiming at pointing out a resilience assessmientiealing withresilience to floods his
canbe not as easy as it appears, dutheowide rangeof structural, social, economic
elements which could be affectdsy a flood, and the reciprocal relatidmps among
them. Moreover resiliencecandepend on factors that are not directly measuy&iolin
at individual or community levelssuch as elements related tomanwell-being and
socialdynamics Therefore assessingirbanresilienceresults tobe a challengingask
especiallyif referred toquantitativeassessmerdapproacks Many studieshave been
developed so far to evaluate resilience, most of them adopting qualitative assessment or

synthetic indicators of resilienckefined according to the specific purpose of study

Among othersconsequencesfloods modify the layout of accessiblespaces within
floodedsettlementsaffecing, in turn,urban phenomend his observatiomepresenta
fundamentalassumption of this thesigorrespondence between urban layspiatial
properties and urbduinctions isconsidereds anessentiapoint. Flood-inducedeffects
on urbanstructureare analysedin reference tchow theyaffect -during and aftethe
event urban activitiesand therefore the degree of urban resiliencehe consideration
of spaceability to shape urban behavits the basicconcept of the configurational
approach of Space Syntéiillier and Hanson, 1984, Hillie2007), which appears to
be a valid method to investigate how cities wolkased ontheir relative spatial
structuresindeed,the said approach considers thpatid geometry influences hothe
space is experienced by peogecording to the syntactic theopeople movement and
human interactiosican be basically linked tepatial properties of urban environments,
such asrespectively to linear or convex spaces, and interrelatibesveenall urban

spacegHillier and Vaughan, 2007)



Assuming the described configuratiorsgdproach, the main purpose of this study is to
examine urban resilience to flood evefrtam a spatial perspective of analysgming

at individuae a suitable methodology to quantitatively assess spatial resilience of
settlements at risk to be floodedllowing to examinethe influence ofurban spacesn
human activitiesand how it vaes due to a critic event, thispatial perspective of
analysisprovidesfurther elemens thatshall be added to all the set of usuakamined

flood consequences

This brief introductiordelineats the general background of the analysed tepid the
main motivations of tis work. Starting from a theoretical framework relative to urban
resilience and disaster risks, the following sectians focused on examininthe
connection between urban space and flood eyetsth conceptudy and

methoalogicdly.

In Chapterl, thecontext of analysis of the research topic is describedov&rview of
some basic concepts of disaster iislprovided with a specific focus on flood events
and main aspects of commonly adopted flood risk assessmengwiew of relevant
literature is presented tatline how resilience igenerallydefinedandhow the concept
of resiliencecan bedetaikd with regardto urban systems anflood events.The
significant contribution of considering resilienade managing isk is examired,
consequently deducing the importance agpropriate resilienceasseswents The
configurationaltheory of Space Syntaxs describedas a suitable approach to deeply
investigate urban systemdhe analysis of e conceptual consistency arbte
methodological relevance aipplyingthe syntactidheoryto study urbanresilienceis
followed by areview of stuliesdeveloped so far to evaluate resiliertiseoughspatial

analysis.

In Chapte 2, an innovative methodological approach presented The proposed
approach isbased onthe connection betweedisaster risk assessmeand spatial
network analysis The discussion of previous workaimed at evaluating resilience
through configurational measurdsghlights the need to develop a suitahledysis
methodto analysespatial aspects atsilience toflooding. On this basisa conceptual
definition of urban resiliencéo floodsis provided, settinghe theoretical framework
based on whicla multi-stagemethodology igoroposedo evaluate spatial resilience to



flood eventsAnalysis phases, as well as data processing phases and relative validation
proceduresare explained in detail, pointing out methods and techniques of analysis to
implement the said resilience assessmenthatetiogy. Syntactic and morphologic
analyses, as well as statistical data procesaisy consideredachievng a set of
quantitative measurewhich contributeto comprehensively assess urban resilience.
Each stage of analysis is described also examiniegréhative contribution to the
overall purpose of understanding urban resilienBetential application of the
developed methodology are also descriteautline how the proposed procedaasn

actually contribute to develop and enhance urban resilterfét@oding

In Chapter3, an application of thedevelopedmethodologyis examined The whole
proposedapproachis appliedto three case studies of settlements locatealr river
coursesThe selected urban areas differ from each atharany aspects, su@surban
structure and morphologylhis variety among examined settlemealisws to apply
andtest thevalidity of the developednethodology ordifferent urban configurations

Resultsare presented, discussed, and comparatively analysed.

In Chapter4, the contents of this thesiare summarised. General outcomes and
applicatiors of the proposed methodology are outlined and discussed, along with
possible further developmentd the presented approapleinting out the contribution
thelatter can provide tobuild urban resilience to floods.

-10-



1
State oftheart

1.1 Disaster risk and related concepts

Frequency and magnitude of natural hazards in urban argasbban progressively
attracting a high degree of attentidrom governmental and negovernmental
institutions and organisations. Thisircumstanceis reflected in the variety of
institutional assessments and regulatory measures, as well the wide bodyof
technical literature focused on natural disasters and disaster risk. Although this general
attention to disasters risk, natural hazards still constitute a signifssarg especially

for urban areas where presence of people, infrastructures and aasetclearly
exacerbate effects omajor natural events.In a context of general increasing
vulnerability in all countries (UNISDR, 2004; UNISDR, 2015a), with consistent losses
and damages due to natural hazards, reductiaisaterisk continus to bea global

challenge.

Natural dynamics include a various range of events, which in soms losaseme
adverse and serious circumstances (e.g.. geological phenomena causing volcanic
eruptions, landslides or earthquakes; extreme weather conditions givingpdtesmls,
tsunami or droughts). Relative consequences are related both to territorial features and
humaninduced factors within affected areas: morphological and environmental
characteristics, along witkociceconomic features, can influence the effeantsl -in

some circumstancesven the probability of @urrence oimajoradverseevents. These
considerations remain valitb some extentalso in reference to mamade hazardous

events (e.g.: fires, industrial activities related to dangerous indust@gses).

The saecalled "natural disasters” are basically circumstances related to natural events.
This observation leads to a key question: whakes a natural phenomenon a
"hazardous" event, determining a risk, up to generate a "disaster"? A deep focus on

disaster risk and related concepts can contribute to deal with this issue.
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According to United Nations International Stigydor Disaster Reduction terminology,

a risk representstie combination of the probability of an event and its negative
consequencégUNISDR, 2009 p.25. Common approaches usually adopt theated

"risk equatiofi, expressing total risk as th@oduct of two main factors: hazard and
vulnerability UNISDR, 2004; Downing et al, 2005; Cardona, 2004; Cardona et al.,
2012; Smith, 2013Blaikie et al., 2014; Tingsanchali, 2012)

hazard (H) generally represents events, conditions or activitigsgch can
potentially affect or damage elements, people or systems, inducing a crisis as an
hazardous conditiofCardona et al., 2012; UNISDR, 2004, UNISDR, 2005). A
classification can be achieved pointing out different categories of hazards:
"natural hazard$ or rather, hydrameteorological, geological and biological
hazards; technological hazards related to technological, industrial or
infrastructure failures; énvironmental degradatidn determined by human
behavios and activities which can impact natural processes or ecosystems
(UNISDR, 2004).Seismicrisks, hydregeological risk, volcanic risk, fire risk,
storm surges, all constituteatural hazardous events. Human activities and their
failures (e.g.: failures otechnological systems, nuclear attacks, industrial
activities) can represent humamuced source of calamitous events thie
"anthropogenic or mamade hazards In some cases, human activities can
determine a misuse or a degradation of natural and cemental resources.
This circumstance can affect the natural occurrence probability of natural
phenomena, determining the -called ‘socicnhatural hazard$
(UNISDR, 2009). This category of hazards has been recently introduced into the
context of naturalisks and it can clearly be relatedanimproper management

and use of natural resourcds. reference to the above said risk equatidn,
value basically represents the probability of eveoturrence and imainly
depends on the specific type of eveltie relationship betweemhazard and its
occurrence probability allows to determine the total risk (Smith, 2013). Even
probably representing the main trigger factor in determining a potential
dangerous evenH consttutes a component of the risk andldes notcoincide

with the risk itself (Cardona et al., 2012).
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- Vulnerability (V) generally represents thHikelihood a certain systemvill be
affected by a given event or stress. Difficulties in finding a uniquegboizhlly
accepted definition of this concept within the literature reveal how vulnerability
is broadly discussedB{rkmann, 2006; Downing et al., 2005; Manyena, 2006;
Messner and Meyer, 2006; UNEHS, 2006; Steinflhrer et al.,, 2009). As a
widely studied ad applcable issue, vulnerability ees to be definedn the
basis ofthe specificsystemit is referred tpas well as the study perspective from
which this property is analysed.ooking at urban systems, vulnerability to
natural extreme evengppeardo be a multifaceted issue, definabie relation
to different aspects: environment (Cardona et al., 2012); human being and
communities (Blaikie et al., 2014); society and economic or political conditions
(Cannon, 1994; Cardona et al., 2012; Adg&06; Steinfuhrer et al., 2009),
assets and human activities.

In some studies, the physical aspect of vulnerability is specifieéxgosuré

(E) (Messner and Meyer2006; UNISDR, 2004;Steinfuhrer etal., 2009;

Zhou et al. 2010). In this view, given a certain hazavdepresents the attitude

of elements exposed to a certain hazard to be impacted or damaged
(Cardona et al., 2012k is related to the set of elements located within areas at
risk and, then, potentially atfeed by the eventn fact, V and E are not only
referredto physical aspects athe urban environment, but they should also
consider social features of threaten communities (Holling, 19%8)re
generally vulnerability and exposure cdre evaluated in reference to physical,
social, economic, human and environmental factoreréibre depending on

the specific hazard and system at risk, different aspects of vulnerability and
exposure can be examined (e.g.: buildings and infrastruetssets and people,
human activities anevellbeing at risk).Exposure and vulnerability are clearly
linked each other: an exposed element can be vulnerable or not. However, it
needs to be exposed to a risk in order to result vulnerable (Cardona et3l., 201

All these considerations induce to state that natural edent®tconstitute a source of
risk or hazards, per se (Cannon, 1994). External factors, or rather elements that could

potentially be affected or damaged by the event, contribute to deteralinezability.
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Insofar aghere are elements that could be affected or damaged (to whiekgbsure

value is referred)within the area where the event occurs (that corresponds to the
potentially damaged zone, @area at risj, and according to théstructural or
nonstructural) susceptibilitpf exposed elemente reportdamages once the event has
occurred (which represents themlnerability), natural events can becameazards.
Therefore the potential of natural events to generate dangeroastic circumstances,

or rather impacts, is a key element whose magnitude could lead to disastrous effects.
The combination of natural hazards, vulnerable elements and limited ability to cope
with major events determiseand characterisewhat can be asmed as a "disaster”
(UNISDR, 2005; UNISDR, 2009); relative potential expected and probable losses and
damages determine the correspondent disaster risk (UNISDR, 2004). However, the
strong connection between marade elements and natural dynamics indteeethink

the widespread use of the expressionatiral disasters (Cannon, 1994;
Blaikie et al., 2014)as well as the human role in determininges calamitous

circumstances.

Activities and structural or nestructural measures, aimed at preventiagamitous
events or limiting relative harmful impacts, constitute thecalted 'disaster risk
reduction’ process ("DRR'). The latter regards risk prevention, mitigation and
preparednes3.he goal of reducing disaster risk can be achieved through apstdry,
inclusive and coordinate set of activities and measures. All administrative and
organisational levels can mwibute to better prevent rigielated issuesi) national
governments, being mainly responsible of resource allocation, infrastrudamalgnd
largescale response and recovery policies and actiohspcal governments, being
competent authorities for management of infrastructures, land use and planning, social
and cultural activitiesiii) communities, being groups of peopldich own buildings

and assetsand have capacities and knowledge related to previous experienced
calamitous eventsy) private sector and negovernmental organisations, being able to
help in communicating and bringing into effddDR. DRR can be integrated with
disasterresponse, which constitutes a set of policies, measures and actions to be
implemented after a major event has occurred. ExtenBRR analyses,a wider
approach is achieved represenhg the so called disaster risk mangement

("DRM"): DRM considers management of risk, or rather toaditions prior to the
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beginning of a crisis, as well as emergency and-gissisters stages, that happen once

the event has occurrd@aas, 2008; UNISDR, 2009). Highlighting the importance of
managing the risk of disaster as distinct from a simplistic disaster managB&Réhis
considered to be one of the kegncept of the Sendai Framework (UNISDR, 2015b).
Disaster risk has become actis of the international debatwer time The recent
"Sendai Framework for Disaster Risk Reduction 22@30' (UNISDR, 2015b) is just

one of the last documents focusedtlois topic. Adopted by UN Member States during

the Third UN World Conference on Disaster Risk Reduction, it constitutes an important
global agreement concerning disasters, both related to natural anchadanhazards.

Its general expected outcome of redhgcidisaster risk and losses is actually a
continuum of the previoudHyogo Framework for action 206%015' (UNISDR, 2005)

main goas. Together with other declarations and initiatives (UN/IDNDR 1994,
UNISDR, 2004; UNISDR, 2005; UNISDR, 2015b), they &m@th steps of the path
towardsthe disaster risk reductioand thedefinition of riskmanagement strategiehe

said documentsgeflect the need of understanding and communicating risks, efficiently
individuating risk reduction measures, managing remaining disaster risk, also promoting
partnerships between governments and stakeholders. Thanks to these developments,
disaster risk as progressively evolved from a strictly technical conceived discipline,
often limited to a set of measures and actions to be implemented after a disaster, to a
wider important issuan some caseaddressed at different governmental and teraitor

scaleghrough multisectoral approaches.

Event's occurrence gives a temporal scale to disaster risk management, tivelkitigr
consisting of several phases (before, during and after the event). The latter can be
differentiated in their main characteristi¢e.g.: analytic phases or operative phases);
distinct tools and ability are respectively required across event's phases, giving arise to

an extensive range of natural HsMdated concepts:

A Preevent phase: a proper knowledge of typology and charaierisf a
possible calamitous event can lead to risk identification (Cardona et al., 2012)
andto assess individual and social risk perceptiblegsner and Meyer, 2006;
Cardona et al.,, 2012). Even if being potentially akris an objective
circumstancedetermined by being exposed and vulnerable to a certain hazard,

human perception of riskiness can be different within threaten communities
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(Steinfuhrer et al., 2009)Y his circumstance can be influenced dwtural and

social factor, as well ady previowsly experiencedcalamities Concerning
conditions prior to the beginning of the event, this stage is highly related to
DRR It can improve the capacity to anticipate gwent (Cardona et al., 2012),
globally enhancing risk preparedness (UNISDR, 2004; INS2005;Messner

and Meyer, 2006; Steinfuhrer et al., 20@&rdona et al., 2012), communication
(Norris et al, 2008; Cardona et al., 2012) and awareness among communities and
decisionmakers (UNISDR, 2004; UNISDR, 2008jessner and Meyer, 2006;
Steinfuher et al., 2009

A During the event: emergency management (Kapucu, 2012), resistBece
Bruijn, 2004; Norris et al., 2008; Steirfier et al., 2009)response ability
(Cardona et al., 2012) and coping capacity (UNISDR, 20MdUJ-EHS, 2006;
SchmidtThomé, ®05; Steinflhrer et al., 20p@re required, in order te@spond
and cope with disast@énduced effects and immediate relatperturbations.

A Post-event phase: The ability to combine tools, expertise and resources in order
to cope with evenimpactsand consequencéSteinfuhrer et al., 2009; Wamsler,
2008; Hammond et al., 201E) clearly related to the aftelisaster phase, which
mainly constitute a recovery stage (UNISDR, 2004,
UNISDR, 2005; Steinfuhrer et al., 2009jor disasteraffected systemsand
communities. The need to socially and structurally adapt (Adger, 2000; Cannon,
1994; Cutter et al., 2008; Hufschmidt, 2011; Norris et al., 2008; Ranjan and
Abenayake, 2014) to disasieduced perturbations makes the capacity of
response to bencluded into this phase. However, during the pesent,
response capacity becomes also related to the ability to change and rebuilt the

affected system (Cardona et al., 2012).

Actions of these three stages are linked, mutually influencing each other: effesagy,
of practicability and implementation of pewent actions provide the basis for the
following two stages (during and post event phases), globally affecting the overall

systemability to react, witstand and recover from a crisis.
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1.2 Assesanent and management of flood risk in urban areas

Floods represent one of the most common disasters in urban &measto the
significant percentage of occurrence of floof®%7% of all weatherelated disasters in

the time period 19952015, UNSDR, 201%), these eventsassune particular
importance especiallywith reference tdlood-prone urban areagccording to the EU
Directive 2007/60 (European Commission, "Directive 2007/60 of the European
Parliament and of the Council of 23 October 2007 on the assessment and management
of flood risk", 2007, a flood represents aemporary covering by water of land not
normally covered by watérWater can come from the sea, rivers, severe,rainfsom
underground water channel networks, respectively determining coastal, fluvial,
"pluvial”, groundwater floods and sewage overflohhese circumstances can be
determined by precipitations, storms, earthquakes or dam break. Different levels of risk
will be defineddepending on the speed of onset and the flood discharge, as well as on
extents and level of urbanisation of flooded arelsationand predictability of the

event A further category of flood is represented by flash floadsich correspond to
events caused by rainstorms in mountainous aB=asg difficult to forecastwith high

water flow velocity and debris load, flash flood eventsin determine significant
impacts (European Commission, 2007; Klijn, 2009). As regards fluvial floods,
urbanisation of territories gatent to rivers transforms these areafuencingboththe
natural equilibrium of srer ecosystem and the risk of flood events. Changes in land uses
of flood plains affect the main function tifese area® store and collect water during
high water discharge periods. Hydrologic regime resalttered with modifiedvalues

of peak dischaze and increased flood risk downstreanChif, 2006;
Wheaterand Evans, 20095edimentologic and morphological regimes are affected too:
use of bare land, increasd ompervious surface, replacingegetated soilsand
channelisation influence sediment bd, runoff and fluvial flood frequency
(Chin, 2006) Moreover, population growth and increasing number of buildings within
flood-prone areas are clearly related to flood events, both in terfi@odfoccurrence

and magnitudeK]ijn, 2009; UNISDR, 2015).This mutual relationship between urban
areas and rivers highlights the importanceaafational use of natural resources in

sensitive environments likerritories locateahext toriver courses.
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Urban and territorial morphologynfluences the likelihood to be affected by floods:
proximity to water resoursdhas been assuming notable importance in humawitaedi

and settlements locationt gne same time, it can becorae elemenof hazard Human
perception of rivers as potential elememts risk can also affect the aesthetical
appreciation of watercourses (Silva et al., 20W0Nevertheless, a correct perception of

risk induces awareness about potential calamitous circumstances, both at communities
and governmental lev@l This constitutesn important social and political background,

which can become a catalydementfor flood risk management issues.

"Managing" floods seeks to mitigate relative risk, both looking at conditions that could
lead to the occurrence of major events, andsicering all factors or circumstances
which could transform a major event into a disaster. In other terms, flood risk
management concerns all the determinant elements of risk (or rather, hazard,
vulnerability and exposure)Even being flood management focused on limiting
flood-related impacts, flood risk reduction constitutes just a partthef event
management The relation between flood risk management and reduction can be
clarified examininghow flood risk has been appuaeed over timeThe concept of flood

risk management has generally evolved over the years, from an engirffeeused
approachrmainly aimed at preventing critic event$lgdod defens§ throughstructural
protective measuresr controlling floods (flood event$)- to the wider idea of
"managing" a risk that cannot be completely canceled dlobd' managemetjt This

more recenmanagementocusedview gives particular atntion to people and society
vulnerability, highlighting the need of suitable balance between economic, social and
environmental factors of flood reduction (Klijn, 2009)herefore disaster risk
reductionbelongs to the field of thood risk management; both of theraquirea

proper knowledge of flood hard and relatie consequences

Flood risk management can be described as a process made up of different phases and
activities. Dealing with riska suitableassessmentan lead toanalyse elementthat

could generate or affecthe total risk. The EU Directive 2007/60 (European
Commission, "Directive 2007/60 of the European Parliament and of the Council of 23
October 2007 on the assessment and management of flood 2K) remarks the
importance of reducing and managing flood risk. TBaective requires he

individuaion of areas potentially at riskhrough a preliminary risk assessmeased
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on analysing past calamitous events that causasdigderable impacts and lossakng
with potential consagences of probable future evgrthis analysis phase is proposed
define appropriate objectives and plans to manage floodEstopean Commission,
2007) The main purpose of risk management of mitigating and limiting fletated
impacts can be translated iraawide range ofpossiblemeasures and actions aimed at
reducing bth probability of critic events occurrence and eveotssequencedasically
constituting risk reduction measuref) this way, flood risk assessment results be
related to floodreduction andnanagemenwhich, in turn, can be considergzhrt of

urban planning and decision processes, involving different actors and decision makers.

In reference to fluvial floodgjsk reduction andisk management covex large set of
structural actions and nestructural measures, to be planned and imphteteboth at
short and longerm. Beingflood hazardmainly related to the river's ability to convey
high water discharge, without overflowing or bursting bla@k sructural measures can
be aimed at modifying the river course (e.g.: flood degemcrement of water storage
capacity upstream, change in river cross section and channelisation) to increase the
water discharge that can benveyed Even permitting toeduce probability of floods,
this typology of measures can strongly affect nature¢ér dynamicsup to influencehe
whole river ecosystem.réper analyses are needed to evaluaasuregffectiveness
along with environmental, economic and social factors.féct, even reducing the
probability of floods,in somecasesthese measuredo notreduce the total value of
flood risk: dams or embankment moditye risk perception, determining an increased
urbanisation of nearby areas. As a result, hamneéduced, but not exposure and
vulnerability. People, assets and activities locatedhinifloodable areas constitute main
elemens of exposure.lnnovative architectural techniques and high standards for
construction of buildings and infrastructuie improvethe structural capacity to cope
with floods, influencing the vulnerability value. A great contributiot risk reduction
can cone from nonrstructural measuresuch as urban policies, programmes and
regulations, which carboth influence the degree of exposuamd enhane people
awareness of risilBy establishing lmits to urban development and land use of aatas
risk, before a major event occumsieasures of urban plannirgpnstitute longerm
actions and represent a significant factor in managing risk, as part of detomg

strategy of prevention and risk awaeen. In this, they can be considered opposite to
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"flood event manageménbeingthe lattera set ofactions to cope with an imminent
flood event (Klijn, 2009)A further elemento be considered is the communication of
risk, as a potentiafactor able tomitigate flood consequences and better face major
events providing a significant contribute tothe whole risk management process.
Engaging people who actually may be affected by floadk,communicatiorplays a
significant ole, enhancingefficacy and #ectiveness ofall risk-related activities
leading to developeccommunity skills and knowledge, people behaviesuls
improved during and after the evew{ppropriaterisk preparednessan improve the
ability to cope withcalamitiesand recover by crisisnfluendng eventrelateddamages

and losses.

Elements whichcontribute to determine Ibod risk are variable as related to
time-varying conditions (due ot both river features andthe evolving urban
characteristics)It follows thatflood risk management needs continu@mlyses to
obtain updated information. In facheside their spatial variabity, hazard and
vulnerablity (as well as exposure) are dynamic facteubject to change over time,
depending orhe variablefeatures of the urban system they are referred to. A suitable
scale of analysis and field measurements can allow to address this variability, helping in
pointing out suitable decisions and actions to be implemented.

Mitigation of flood consequenceablrough a suitableisk managementeeds a proper
characterisationanalysis and asseswent of risk factors.Focusing on flood events,
different types of floodcould occur, each oreaving its own characteristics. Therefore,
the analysis of typology, probability of occurrence and main features of floods that are
likely to happen in a given area informs about extent, main features and critical points
of the considered events. Recalling that hazards lead to calamitous egefds as

they are able to affect vulnerable elemgaimongthe onedocated in threaten areas
vulnerability alsoneeds to be investigated in order to completely assess flood risk. By
definition, elements exposed to the risk could probably be damagedpacted by
floods, being vulnerable. Therefore, analyses of floodable areas, or rather areas at risk,
provide information about vulnerability and exposure. The several perspectives from
which these two latter factorsan be investigated show how theiresssnent is clearly

related to the scope and purpose of study.
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Over time, usual approaches to assess flood risk have basically consisted in defining
and focusing on main determinants of risk: hazard and vulnerability, or rather
probability of occurrence ofmajor events and related consequendessessing risk
through an accurate characterisation of major events, identification of potentially
affected elements and estimation of possible damages provides a large set of significant
information. The latter consites an important background, useful fmoint out
well-structured flood management measures, plans and policies (Hall 0%,
Tingsanchali, 2012), bothin reference to existing flood protection systems
("operational level) or examining possible actions on existing systems
("project planning levéland 'project design levé) (Plate, 2002).

Risk assessment constitutes a fundamental part of risk reduction and, in turn, of flood
risk managementt intrinsically includes anajor issuepr ratherthe definition of how

risk components can lefined and characterisddapping flood hazard, as required by

the EU 2007/6Mirective European Commission, "Directive 2007/60 of the European
Parliament and of the Council of 23 Octol2007 on the assessment and management
of flood risk”, 2007, an overview of areas at risk to be floodeah be achieved
Individuation of elements located withiloodable areas informs about relative
exposure. Even allowing just a qualitative exposure assessmentrithasapsgive a

useful contribute to risk assessment and management, providing a definition of which
zonesparticularly needemergency measures, actionsl golicies for risk reduction.
However, aquantitative assessment of riaksumeselevancein order toobjectively
estimate risk variationghich may occur during time as a consequence of natural urban

dynamics or implsented risk reduction measures.

In reference tdfluvial floods, hazard is essentially related to river water regime and
flow, even though these factors can be influenced by boundary or external conditions of
the river ecosystem (e.g.: extreme or unpredicted weather conditions, natural
phenonena as river bank erosion). Given a certain ansk,assessmenncludes the
evaluation ofthe probability distribution of floods for that area ahe& magnitude of
relative eventsin terms of some basic evefetatures such as extent of flooded area,
water depth, water flow. The main issue of hazard evaluation is to determine the
probability that a flood water discharge, or rather a volume of waerthe basis of

relative water depth or temporal trends of flomay stress the river system,

-21-



determining an overflow of wateMherefore quantitative measuremenof hazard
represent arevaluaion of the probability that a certain event ocguduring a given

time period Being the occurrence of floods mainly estiath through probabilistic

based approachesventually supported by event modeling and simulatwmailability

of dataresultsa relevant issuéhoth with regard tathe lack of registered measures and
because of the fact that some impacts and damages are not directly measurable. In
general, risk analysis can be carried outtlo@ basis ofinformation relative topast
events, in case relative database are available, or using surveys and data modeling
outcomes, obtained by simulating probable calamitous condjtionsaa preevent
approachof analysis (Smith, 1994pata of past events, if available, constitute a valid
knowledge baseapplyingstatistical interpolatiomethods the trend between measured
water dischargdor waterdepth and frequency forelative flood evens can be pointed

out. Satistical extrapolation cagive anindication ofthe magnitude of possible future
events (Klijn, 2009). However, further information can be necessary to properly
considerany variation of flood hazard (this aspect corresponds to the temporal variation
of flood risk). Theefore computer modeling can help in simulating possible extreme
weather conditios, as well asconsequent probabfod events (Klijn, 2009). kdro-
geological modeling allows to define a value of flood water discharge in reference to a
certain return period'T"). Given a variabl& and a certaiits valuex, the return period

T is a statistical measure related to the probability the variable exxe&dspresents

the number of times befod¢ assumes a value higher thafErto, 1999). Referring to

flood events, definingK as the water discharge ar@sa certainvalue of X, the return
periodT(x) is the mean number of years between two discharge values ghaaberor

equal tox. In other termsT constitutesa measure of the probability that water discharge
exceeds a given threshold valoe rather the meamumber of yees between two water
dischargegyreater or equal to a certain value assumed as maximum (Gumbel, 1941)
Once known both water discharge and river features (e.g.: river cross section geometry),
relative water dpth and territorial morphologyhe extents of flooebrone areasan be
defined In case there are protective structuteg, probability that a watatischarge
determine a floodis obtained also considerirtige probabilityfor flood defenes to be

overtopped oto collapse.
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In referenceto urban vulnerability to flood eventshe wide range of vulnerability
definitions provides an equally large set aklative possible measures. Whatever the
adoped study perspectiveassessingvulnerability is related to the difficultiesn

individuatingand suitably evaluatg representative variabled this concept

Magnitude of floods in urban areasimdrinsically related to their consequences and
impacts. Thus, impacts assessment can also contribute to an overall risk evaluation. As
a consequence of theariousdimensions the complex gisystem consist of, a wide
range of flood impacts can be identified, in terms of losses and damages. In order to
properly assessflood impacts different analyses approaches can be adopted
economicg structural, social and psychological consequences of flood events are just
some of all the possibleffectson affectedstructurs, human being and communities.
Severalmethodologies of impact assessment can be found itetmmicalliterature,
consideringdifferent analysis perspectivéo evaluate expected losses r@ative to
pre-event analyss of potential risk) or to estimate occurred damages (if referred to past
events). Usual classifications of flood impacts distinguish betwedangible’ and
"intangible' impacts, depending on whether they are quantifiatolenonetary terms

(e.g.: structural damagetosses of lives, affected mental webeing, environmental
impacts); Uirect' impacts, if they are referred to directly flooded areas, ad
"indirect’ if they are induced by direct one, and they may occur beyond spatial or

temporal limits of a certain ftmd event (Hammond et al., 2015).

1.3 The concept of resilience

During last decades, thmncept of fesilience has been intuced in the wide range

of risk-related terminology. As the etymological root of the term suggests (the word
comes from the Latin verlrésilire”, meaning to jump bacK), resilience regards the
ability of a certain sstem tobounce back frona certain perturbationThe term is
usually cited (Cutter et al., 2008; Ranmmd Abenayake 2014) as firstly introduced by
Holling (1973), in reference to ecological systems,aseasure of the persistence of
systems and of thieability to absorb change and disturbarigg¢iolling, 1973, p.14)In
general, he concepts referred to a system affected by a stress or a shockithas
been widely applied to manyieatific disciplines over timeecology (Holling, 1973,

Adger, 2000), psychology (Bonann@®004), social and economic systems (Adger,

-23-



2000; Boon et al2012; Cutter et al., 2010; Norris et al., 208&infuhrer et al., 2009
infrastructures (Hashimoto et al., 1982; De Bruijin, 2004; Cutter et al.,, 2010)
(RanjanandAbenayake2014;Zhou et al. 2010.

Focusing on natural disasters, a large numbeiliftédrent definitions of resiliencevere
introduced collected and reviewed in the literature (Manyena, 2@06u et al, 2010;

Reid and Courtenay Botterill, 2013; Lhomme et al., 20B)cording to UNISDR,
resilience is the ability of a system, community or society exposed to hazards to resist,
absorb, accommodate to and recover from the effects of a hazard in a timkly a
efficient manner, including through the preservation and restoration of its essential
basic structures and functiongUNISDR, 2009, p.24)Further specifications about
resilience can be indirectly achieved describing main characteristics of a "tésilien
system.Cutter et al. (2008) describedesilienceas an thherent property, as it can
function even during nearisis periods; ddaptivé, thanks to flexibilityin response
which characterisgresilient systemsduring a crisis; measured with different indicators,
suitable choseim reference tdhe spatial and temporal scale of analysis; subject to be
influenced at the community level by exogenous factors, such as policies and
regulations. Based on the technical literafARUP and Rockefeller Foundation (2014)
propose a significant set of seven desirable features faeailient urban systemthe

latter assumed asable to: lean from past experiences; aafluring crisis
("reflectivenesy and useavailable resources according to the neextaptingits
behavia ("resourcefulnes$, ensure good governance processes to properly address
needs and relative actions and measum®smot partiapatory decision making
processes("inclusiveness") bringing together different systems and institutions
("integrated); face shocks and stresses, adequately designing systems and protections
("robustnesy, holding diverse capacities to cope with major eveealated demands
("redundancy); adaptto emergng conditions (flexibility") (ARUP and Rockefeller
Foundation, 2014). Other characteristics of resilient systems can be found in Godschal
(2003): 'redundant”, "diverse"and "interdependent”regarding the diversity among
components and how tHatter work; "efficient”, "autonomous'and 'strong", on the

basis ofresources and control neededefficiently work, "adaptablé, learning from
experience and able to chang@gler and Moench (2012) propabt consider main
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characteristics of urban resilience as related to three elenigntsystem$§ meaning
infrastructures and ecosystems, which should be able to work under different
conditions, modifying their structurefigxibility”, "diversity’), responding to increased
demand (fedundancy) even by replacing their componentsm@dularity’) and
deriving support also from other connected systersafé failurg); 2) "social agents
(e.g.: individuals, households, private and public sector organisptasisiportant and
decisve actors within urban systenwhich should have the capability to reorganise
("responsivene8y mobilise resources 1gsourcefulnesy and improve performances
also on the basis of previous failures cgPacity to learn);

3) "institutions",as rules and conventions to control interactibatween systems and
agentgesponding to stressds,regulate access to resources and urban systeigist$"
and entitlements linked to system actesass well asto information on potential risk
("information flows), promoting an appropriate governancedggisionmaking
processey and dissemination of informationgfplication of new knowledtje

The property of resilience can be further investigated also on the basis of how it is
placed in the domaiof riskrelated concepts and howdiffers from other concepts.
Connections between resilience and vulnerability are largely examined in the literature
Links between these concepts are characterised in several ways (even becaon$e both
themare not uiquely and precisely defined). Firstly, lmerabilty and resilience can be
foundto beassumed as distinct concepts, opposite to each other: a lovdeeelack

of one of them determise significant valugor an incrementof the other one, and

vice versa (Manyena, 20086teinfuhrer et al., 2009; Tyler and Moench, 2012)other
approachesyulnerability and resilienceare assmed as distinct properties: even
influencing each other, they can independently increase orasdec{®anyena, 2006;
Steinfihrer et al., 2009)n Cutter et al. (2008) relationshifetweenvulnerability,
resilience and adaptive capacityere analysed.A significant contribute in this
distinctionwas providedby pointing out that if vulnerability is meant as the degree of
capacity of a system, a greater connection to resilience is given. In case vulnerability is
assumed as the degree of exposure or potential losses, the two concepts result to be less
related ach other (Manyena, 2006Cannon and MdulleMahn, 2010). Temporal
dimensionis also analysed in the relevant literature, as an elemeatitféoentiate the

two concepts in regards of event stages: vulnerabgitassumed aseferred to all
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disastephasegSteinfihrer et al., 2009 just preevent conditions (Cuttest al, 2008;
DaytonJohnson, 2004), resilience is focused on crisis andgwastt phaseD@yton
Johnson, 2004Steinfuhrer et al., 200Zhou et al. 2010).According to the literature,

same other conceptcan beindividuatedas relatedo resilience. Assuming the latter as
linked to an adaptive capacity, stabilitwyasseen as amability to change or adapt to
modified conditions (Norris et al., 2008) and resistaasaimed at preventing hazards,

or ratherat not allowing any change in regard which a system couldeedto get
adapted (or, being resilienti-rom a performanebased approacfocused onwater
resource systems, Hashimatbal.(1982) differentiatd the two propertiesn his work,
resiliencewasrelated to the time a system needs to return to a satisfactory state after a
failure, vulnerabilitywas defined in regard to magnitude of failure consequences. This
temporal characteristic of resilience cha found also in reference to hazard risks,
assuming "resilient a system, community or society able toesist, absorb,
accommodate to and recover from the effects of a hazard in a timely and efficient
mannel (UNISDR, 2009).Focusing on water systemns,fact, Hashimotoet al.(1982)
assumedesilience as the time a water resource system needs to recover after a failure,
mathematically evaluatg this propertyasthe inverse of the expted period of time the
output of the systemis unsatisfactty. Assuming water resource systems as
infrastructures or structusef water networks (e.g.: dams, reservoirs), relative failures
can cause or contribute to determine disasters. However, this direct measure of
resilience descemrd from conceiving the concepts strictly determined by a specific
system performancéit the urban scale of analysis, in the literatuesilienceis often
assessed through indicators that account for abilities or characteristics representative of
what can be considered a "resilieb&havior, on the basis of practical experiences or
general theories. Howeveasutcomes othis inductive approach can be affetby the
characteristic of the specific communityrigspect tovhich the indicators are deduced.

A second approactonsidersd define measurements independently from the context to
which they are applie@WVinderl, 2015) Based on the literature,large set of different
resilience indicatorsan be pointed ouResilience ability of a system is examined both
through qualitativeconsiderations and quantitative indsxCarpenter et al, 2001;
Cutter et al., 2008; ARUP and Rockefeller Foundation, 2014; Schipper et al., 2015,

Winderl, 2015).As a multifaceted concept, different quantities can be identified for
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each dimension afesilience. Eeh one of these dimensions contributes to describe and
assess this property, amequires relative measurement{Eutter et al., 2008). Usg
indicators as proxies of resiliente quitecommon in the literaturdndicators provide
useful contibute in analysing and simplifying the wide and complex properties of urban
systems. Howeversubjectivity in the choice of significant variables, dependence on
scale of analysis and specific hazard in respect of which they are defined, difficulties in
considering at the same time different aspects of resilieareesome problems related

to using resilience indicato(€utteret al., 2008; Winderl, 2015%chipper et al. (2015)

in a recentreview examinedseveralindicatorsdeveloped so far to assess lreace to
climate change and natural hazarike analysed indicators were classifemtording

to whether the measuresnsideed three elemenfsassumed as significant dimensions
of resilience, or rathei) level of community awareness, preparedness anility to
learn from experienced hazarddeérning'); ii) availability of alternatives to make
people able to modify their behavior in order to face vulnerabiligpt{dns);

iii) ability of the affectedsystem to cope with and recover ayrisis not completely
collapsing (Tlexibility"). The work showed that all the three dimensiorese generally
investigated, although to varying degreesjust in a limited number ofstudies
"flexibility" was analysed on the basis of what happeafter acalamitous event.
Focusing on flood riskresilience can be also described referringti® main
approachesA first one, aimedat reducing flood probability of occurrence; flood
deferce and protective infrastructure will derive from this stratddgfining resistance

as 'tisturbances a system can withstand without reattiihgpd resistance becomes the
"ability to let discharge waves pass without causing flo¢bs Bruijin, 2004, p. 58) as
mainly aimed at preventing flood events. However, failuraanotbe completely
avoided: technical, economic and social issues represent limits in incrementing
resistance, or decreasing vulnerability, in a way to completely prevent breakdowns. This
statement permits to deduce that improving abilities to copefl@t risk can mitigate

or reduce flood consequencdsvelopingthe capaility of the affected systems to adapt
itself to floodrelated effects (or rather, their resilience). Basically admitting a certain
possibility of flood occurrence, efféee disaster risk strategies can be derived (both in
terms of flood risk reduction and managemaaispo linking resistance strategies and

resilientfocused strategies.
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1.4 Resilience assessment and the configurational approach of Space
Syntax

Importanceand relevancef resiliencein the disaster risk arerare reflectedin the
several approaches developed so faddéfine andevaluatethis property. Resilience
indicators reported in the literatureare mostly focused on social, environmental,
economicaspects of affected human being or communities (e.g.: health, education,
infrastructure,food security, access to services, among oth&syeral contributes
attempted to define and measures resilience, revealing how topical this issue is. This is
also canfirmed by the increasing and considerable general attention that resilience is
receiving in dealing with natural hazards in urban areas. Several partnerships,
campaigns and initiatives across many countries have been introducing and developing,
aiming atpromotng strategies and skills to manage shocks and calamities (e.g.: The
Global Facility for Disaster Reduction and Recovery (GFDRR), managed by the World
Bank; the "100 Resilient Cities" campaign, promoted by the Rockefeller Foundation;
the UNISDR (The United Nations Office for Disaster Risk Reduction) "Making Cities

Resilient” campaign).

In its basic meaning, resilience is related to how a given system works after some
variations have occurred in its structuta reference to disasters in urban areas,
settlements can be assumed as systems to be analysed in regard to their capability to
continue working after aalamitous event has affected some of their p@assidering
spatial aspectglisasterereatenon-acessible areas within the spatial layout of affected
settlements. Inability to reach or ugkese partsconstitutes the disasterduced
perturbatios, whose magnitude and typology determine how relative ushstems

have to reorgani® itself in order totransform poseventconditionsto achievea post

event acceptablestate. e usualassumption to consider tharban structureas a
physical patternor rathera collection of buildings, infrastructures and oppacesan

be expandedaking into accounthat urban structures are inextricably related to urban
functions and human activitiesithin the urban environmentin this view, spatial
effects ofdisastersare notjust limited to the inability to reach some areas after a
dangerous event has occurrbdf disaster consequencean influence human behavior

and activities tooT hereforefwo main dimensions of cities appetire physical pattern
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of urban spaces and tHenctional rolethat spacesassumein reference tourban
phenomenaA duality seems to arise, as cities appear to be made up hitvgs the

built environment-or rather, buildings and infrastructures physically separated each
other by open spacesand a set of activities which take place within the urban
environment!'Is the city one thing or twoXHillier and Vaughan, 2007, p. 2050)his

key question can be considered as a basic issaddi@ss this duality and tescribe

the main assumptions of the configurational approach of Space Syntax, its applications
and potetialities. A "physical system"and a "human system"actually coexist.
Connections between these two systems stand for links between structural and
functional spatial features (Hillie009); or rather, the issue deals with how space and
society are related each other. Aiming at developingecitytheory, the approach of
Space Syntax assumes urban space asctiration ground for physical and societal
cities' (Hillier and Vaughan, 2007, [206).

Space within which human activities happen is investigated on the baSpaiial
configuratiorY, which can be defined as a set dldtionsbetween all various spaces of

a systerh (Hillier and Vaughan, 2007, pOB). Spatial arrangemerdand agglmeration

of buildingsshapethe layout of open spaceslhe lattey in turn, definethe "urban grid
structure' (Hillier et al., 1993) or rathera network of interconnected open spaces.
Therefore,configurational properties concern the way all spatial units are organised to
shape the whole urban layout: each element within the urban environment contributes
bothto create and characterisity spatial patternAccording tothe so-called 'hatural
mowement theory (Hillier et al., 1993)(Fig. 1.1) which constitutes the central core of
the configurational approach, gribnfiguration can generate and affect movement rates
("natural movemefi}. In other terms, the natural movement ratdeéfned agyenerated

by the spatial network itself, independently of the presence of specific activities that
could act as attractors. In fact, origins and destinations of movement within urban
layoutsare diffused all over the griche role played by each spacettoé grid is related

to its location as part of the whole grid. The link between urban configuration and
movement is not dual, the latter being not able to modify spatial locations. Although the
theory assumes the spatial configuratamna primary causef movement, movement

rate can be amplified by attractpvghichact as movement's multipliers. Movement and

attractors can mutually affect eaather
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Indeed, several attractors could determine high people densas well akcationsof
attractorscan take advantage of high movement rates. Grid shapes movemenamdtes
alsoland uses pattern can be affectiedalisation of human activities ghosenn order

to take advantage of major movement flows (e.g.: shops or retails), or to prefer low
movemat rates zones (e.g.: residential areas). Furthermore, the location of some
activities is defined independently by the grid structutaorf configurational
activities"). These activities can generate movement fld#xen being noinfluenced

by movement rative to otheractivities and even not beingelated to configurational
iIssues "non configurationalactivities' characteriseall grids andcan also act as a
movement attractor. In other terms, non configurational activities are indepefdent
spatial properties of the grid, even being able to influence attractiveness of urban zones.
Attractors, movement and configuration are the -&ynents of the soalled

"movement economy procégdillier et al., 1993).

C > M

Figurel.l: Representation of the main elements of the "movement economy process"
("A": Attractors; "C": Configuration; 'M": Movement) (Hillier et al., 1993)

Social and cultural pattern can logcluded in spatial layoutsiherefore space can
influence movement generate people qaresence and possibilities of human
interaction. This observation deals with the mutual influence between social phenomena
and properties of spagwithin which thesaid phenomenlaappen: in order to be carried

out, different human activities need spaces with appropriate geometry. At the same
time, certain spaces facilitate sonypesof activities: movement mainly happens in
linear spaces (e.g.: streets), interactions are fdetitaithin convex areas, which allow
people inside them to be reciprocally seen from each point located Wit areas

(e.g.: squares or public open spaces).
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More complex spatial shapesc@hvexisovist) can be obtained considering all the
points visible from a given convex space (or rather, all potential people that can be
visually reached from a certain convex area). Isovists stand for visual fields and they
change depending on where the view point is located. Tds& lxharacterisation of
spae typologies explains the nesasual connection between form and function of
space, highlighting that the spatiayout can influence spacestentiality, or rather
human actiities that could be performed within a given sp@ddlier, 2007 Hillier and
Vaughan, 2007).

At a larger scale, linear movement from an origin to a destinattam@vemert)
addresses the need of efficiently moving from a point to another one within the grid. It
is related to long and mostly linear connections, mainly camgethe edge and the
centre ofa urban systemandintersecting each other with obtuse angles. A second type
of movement regards spaces passed through going from all origins to all destinations
within the study area {iroughhmovemeny. This second typef movement essentially
produces short linesntersecting with quasgight angles (Hiller, 1999). In other terms,

the "to-movemeritcan be considered as referredhe selection of a destination point
from an origin; the"throughmovemeritto the spacesto be passed througimoving

between two points of the grid

Starting fromthe urban scaleup to building analysis, configurational theory of Space
Syntax assumes that open spaces can be investigedadha network based approach
Spatial and functionaffeatures are evaluateithrough a set of centralitymeasures
applying concepts othe graph theory A broad academic debat@ad concernedhe
concept of "centrality’, how the lattercould be defined and properly measured
(Freeman, 199), in reference tcseveral complex systems (e.g.: social, technologic,
biologic systems). During last decades the concept has been applied also to urban
systems. In general, centrality measures are based on the individuation of the shortest
paths within a networkgoing fran an origin to a destination. Therefoogntrality is
generallyevaluated assumirgsystem as a net, or rather a gr&ph (N;E) as a set of
nodesN linked bya set ofedgesE. Analytical purposes and graph characteristics play a

significant role in defimg impedance values to evaluate minimum paths.
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In the literature, three main centralityeasures are defined. In more details, each
elements of a given graph can be considépshtral respectivelyon the basis oft)
how many link it connects @egreecentrality’); ii) the strategic role it plays being
included in several shortest paths betwesvo other nodes of the network
("betweenness centralfly iii) how close it is to other networkodes,in reference to
the minimum length of shortest paths dther nodes €loseness centrality. Being
related to network dimensions (meaning the number of nodes and afdgegraph,
literature calalation methods of centralityneasures define absolute and on
dimensional valuego address the influence of systesize on centrality values
(Freeman, 199; Hillier and Vaughan, 20097

In the configurational approachgpen spaceare represented as composed of convex
spaces to define acdnvex map as 'the minimal set of convex spaces within the
configurationt (Turner et al., 2005, p. 427). Depending on specific operative technique,
different basic elements can be assdme analyse urban grid:lihes’, as linear
segmert linking open spaces"Axial Analysi8, "Angular Analysi$); "vertices', as
points located inside convex space¥/isibility Graph Analysis); "mark points, as
characteristic points or roadway&ark Points ParameteAnalysis). Although all
these techniques lead to comparable outcomes, each of them is associated to a certain
type ofanalysis (Cutini, 2010focusing on the axial analysis, that isalguapplied at

the urban scalall spaces of aonvex mamre mutually linked byaxial lines", defined

as lines that'join two intervisible vertices within the systeffurner et al, 205, p.

429. All possible axial lines form anall line map (Turner et al., 2001). Since each
axial line stands for a visual connection between two pointsathal'map of an urban

grid is the longest and fewest straight visual lines that pass thimigh cover the
whole grid (Hillier et al, 1993). The axial map can be also represented through an
incidence matrix (Hillieret al, 1993)andreduced minimigg the number of lines able

to cover the whole urban grid, obtaining the so calfedés-line mag' (Turner et al.,
200). In order to apply network based measures, the axial map is converted into an
"axial grapH', respectively transforming each axial limeo a node and intersections
between axial lines in grapddges("dual approach). Since edges of the dual graph
account for visual directions and nod&sa given graptstand for spatial connections

among open spaces, dual graphs assume a topailegiting by definition
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Globally looking at urbansystems movement from an origiine "0" to a
destinatiodline "d" -within urban grid implies to pass through some intermediates

(each line being a node of the relative dual graphg latter aren a number not
necessary proportional to the metric distance betweémrid 't". Algorithmically, a
"metric distancécan be measured from the centre of a segment to the centre of another
segment of a given network. Howevespme works related © cognitve science
showedthat human movement is shaped not only by minimising the metric distance. In
fact, visual, geometrical and topological properties can also affect the way people
navigate the urban space (Hillier and lida, 2005)er&fore a 'topologicd distancé

and a Yeometric distancecan be defined, respectively, the former as the number of
directional changes, the latter as the angular changes that occur to complete a path
(Hillier, 2009). According to the chosen distance, paths between poittie gfid can

be identified in terms of minimum metric length, fewest turns or least degree of angular
changesAiming at pointing out shortest paths, operative techniques of Space Syntax
assume as impedance the number of visual changes that occur nmowing point to
another of the network (i.e. of the urban layodt)e relative distance-in terms of
intermediatdines numberis called depth: for each line, andverage depthcan be
evaluated as the average number of lines to be passed througthtaltedher lines of

the system (Hillier2007). Differences amongverage depth values are strictly related

to the whole system structuwhich derives byrow lines are connected each otteerd

are assumed to be one of the main drivers of movemerds iith low depth value
showed high movement rates, and vice verBarived bpologic shortest paths allow to
evaluate quantitative measur€&onfigurational indexeg" representative of grid's
configurational properties, which aetlly are syntacticentralitymeasuresin reference

to a certain linethat is, a given node of the relative dual gragbme configurational
indexes can be evaluated as quantitative measure of syntactic profitlies et al,

1993)

A "connectivity inde% as a measuref degree centrality, it is defined as the
number of lines directly connected to the given .libegree measur€p, as
defined byNieminen(1974), corresponds to the total number of adjanedes
for a point P.. Cp value can be obtained as the sum of all nodes directly

connected t®;:
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beingn the total number of nodeé1 0 i) = 1 if there is a line connecting
andP; otherwise( 0 D =0 (Nieminen 1974Freeman, 1978)

"control indeX, as representative of the degree to which a line conthas
access to and from its neighbofssuming a given space andntsneighbours,
the saidspacegives to each relative neighbolim control. The sum of these
control values for all immediate neighbours gives the total value of control
index.

"choice inde% as a measure dletweenness centralityit representfiow often a
lines belongs to the shortest path between each pair of linentdp (i.e. all
origin and destinations of a systemAccording to Freeman (18), betweenness
measureCg for a point P; is obtained comparing the number of geodesics
"Q 0 betweenPjandPy containingP; (i | k [ ) wkh; the jtotal<hurmiber

of geodesicsQ linking P; and Px (Freeman, 1978; Hillier and lida, 2005)
Defining n the total number of nodes in a graph,0 can be obtained as

follows:

"integration inde%, as ameasure of closeness centrality, defined asghertest
journey routes between each link [or space] aridb&the others in the network
defining “shortest' in terms of fewest changes in diretibliilier, 1998, p. 36).
According to Sabidussi (1966)osenessmeasureCc of a point P, can be
obtained consideringhe inverse of the totalumber of edges in the geodesic
QO between the pointB; andPy (Freeman, 1978, Sabidussi, 1966, Hillier
and lida, 2005)

~ o

o 0 B Q0

The most representative measure of movement isitegration valuedue to its direct

connection with depth value. This statemevds widely validated evaluating the

statistic correlation between movement densities, and integration esvalu
(Hillier et al., 1993; Hillier, 2007).
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In Space Syntax theory, integration values represent a measurenaivément
accessibility, while choice values are referred to thremglrement rates, as the ability

of a certain line to belong to shortest gatmong all grid points (Vaughan, 2007). The
pattern of most integrated lines may not match to the set of lines with highest choice

value, even possibly being coincident (Vaughan, 2007).

Configurational indexes can be evaluated both at the local setdejng toa defined
number of lines surrounding a given one, or at the local scale, considering the whole
systemPedestrian movemergsulted to be suitably predicted by local integration value
while, at wider scals of analysis, journeys reflecglobd integration valus
(Hillier, 2007). Moreover, as reported in the technical literafuntegration pattern at

city scale showd a generally valid structure, similar to deformed wheélshape:
well-integrated lines argenerallylocated in a way to fon a ring near the centre and

link this ring to the edges (Hillier and Vaughan, 2007). This wheel represigy
integrated areas from a functional perspective, e.g. corresponding to the largest shops
location. Thistype of spatial gructurewasfound & a common element for settlements
that apparently could appear significantly differeoie from each other. This
communaliy is mainly due to the need oéntral pas to be linked to more peripheral
zones in order to create a unique -@gstem (Vaughar007). Based on configurational
measures, city centre can be identified botthaftunctional level, as the area in which

are mostly concentrated human activities, and at spatial level, depending on its position
within the whole area (Hillier, 1999This strong relationship between configurational
indexes and movement rater rather, urban main functionalitiemakes the syntactic
approachadaptto many applications aimed at investigate use and perception of urban
spacesin the literature some statisél correlations between indexes are descritzed
deeply investigate configurational properties of urban gridselligibility”, defined as

the correlation between integration and connectivity (Hillier, 1989; Hillier, 2007);
"synergy, which representghe correlation between global and local integration
(Dalton, 2007). Both these two quantities allow to overall analyse the urban network,
linking global and local syntactic properties. The first one is definéthasdegree to
which what we can seeofm the spaces that make up a system is a good guide to what
we cannot see, that is the integration of each space in the system as a whole"
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(Hillier, 2007, p 94). The second one examines the consistency of global and local
centralities and their relatiship.

Assuming integration index as a sort of spatial accessibility measure (meaning how a
place is considered to be near to others), integration value resulted significantly related
to several phenomena: pedestrian and vehicular flows (Hetief, 1998; Penn et al.,
1998), human wayfinding, retails and shop location, crime vulnerability, atmospheric
pollution (Croxford et al, 1996; Penn and Turner, 2003; Hillier and lida, 2005; Emo et
al. 2012; Fakhrurrazi and Van Nes, 2012). Shops, retails and movessatied to be
mostly concentrated along wetitegrated lines (Hillieet al, 1993). This observation
reflects the principle of the natural movemerspace location within the grids
determines integration pattern. Being not able to modify the gricdttstey human
activities are locatedo as to take advantage of most integrated areas. Based on the
possibility provided by applying Space Syntax to investigate settlement's functionality
starting from analysing relative spatial layout, in teehnicalliterature there are many
studies focused on examining the influence of urban layout and spatial structures on

human behavior, social, economic and environmental phenomena.

Some applicatiors of the configurational approachttempted to evaluateffects of
spatial changes in structures, riespect tospace use and perceptidn Koch and
Miranda Carranza (2013$pace Syntawasappliedto assess resilience, referring e t
architectural scalef analysis In reference tavayfinding processespatial layous of
buildings were examinedon the basis ofheir capacity to not determine limitations or
stress for space usafier somechanges irthe spatialinternal structureTwo measures
were introduced to evaluatgariations ofconfigurational properties. Spatial changes
were operatively analysed by modelingplécks placed within buildinggo represent
interruptiors or loses of connectios between spaces. In this way, two spatial
configurationswere obtained for each building, corresponding to spatial layjout
respectively before and after the chang@e  lative two ses of integrationvalues
were examined on the basis of their statistical correlatiosanfenesy, assumed
representative of inded impacts both on the overall spatial layoutind focusing on
their local effect.Further informationwere achievedcomparing integration values
before and after the changésimilarity”) (more specifically,comparingminimum,

mean and maximumntegration valuesbefore and after the considered spatial
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variationg. Indexes were comparedich other anth referencéo mean values, as well
as examining their distributioto point out how similarly the buildingzas usedn spite

of changes in itstaucture

At the urban scalan Gil and Steinbach (2008) a flood scenario for the city of London
was analysed. In order to estimate impacts induced by the considered event, pre and
postevent configuratios were compared according to their geometrical and
configurational features. Distribution and values o$yntactic indexes

(i.e. integration index and choice indexyere evaluated before and after the
perturbation, as a preliminary stage to estimate riative satidical correlation
between these indexeand relative differences Both correlation and numerical

differences werassumed as representativernpactswithin the system.

In Cutini (2013a; 2013blrban resiliencewere analysed introducing resilience
indicators. The latter, based on configurational indexese deducedfrom some
characteristics indicated as to be significant for resilient urban systems. More in detalils,
three measures of resiliena@re defined i) the mean onnectivity value, to represent

the redundancy of connectiongithin the grid;ii) the ratio between the highest choice
value and the total number of possible paths within a grid, to evaluate whether a line
belongs to a large number of patlig) the stastical correlation between local and
global integration indees values, to define the connection between local and global
urban structure. A considerable number of connectiasotential alternative paths,
along with an appropriate distribution afhortest pathsnaking the latter not highly
dependent on a certain line, and a goodelation between local and global properties
was assumedas representative & good degree ofirbanresiience. The dscribed
indicatorswere also implemented to sormeban structurg particularly focusing on the
applicationof the above mentioned indicatais evaluate urban resilience to seismic

events, resulting to be able to properly describe varmtibthe analysed property.

Lastly, in Carpenter (2012) resilience mbnesaffected by Katrina hurricanevas
examined, attempting to relateconfigurational indexe to social and demographic
characteristics of the analysed ardasgression models were considered to analytically
relae syntactic measures to demographic statistics (e.g.: population, @snclsanges

in population registered after the event, variations of number ©hésses and social
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activities). Ageneal correspondenceas showrbetween urban centralities aagpets
assumed to be descriptive of a resilient disaster recdieegy. people returning to
affected zones, presence of commercial activities after the event). Howene,
limitations of the models were pointed puatainly relatedto a limited availability of

dataand low correlation values sbme derivedegression models.
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2
Methodology

2.1 The application of the configurational theory to  urban resilience
to flood events

The concept of urban resilience to hazards reflects a progressive shift from a mainly
preventive risk management, focused on structural measures to avoid major events, to a
different perspective on risk management. an effectivesk management can be
achieved not just avoiding major events, but also ballgto face consequenced
calamities, efficiently establismg acceptable conditions after calamities occurrence.
Resilience is actually considered a key issue in the tiansitowards a risk
managemeirfocused on improving systeperformances, instead of being just aimed at
limiting losses and damages (ARUP and Rockefeller Foundation, 2014).
Acknowledging thathe reduction of riskcannotcompletely stop or avoithe risk of

natural hazardsesilience leads teonsiderrisk, geting prepared to cope with and

efficiently remver from undesired conditions.

In general, physical and structural effectsdigasters oicalamitous events in urban
areas can compromise infrastructures and buildings, determining loss of human life in
the most serious caseBach urban systenss a complex mix of physical, social,
economic and environmental elements. As a consequence, disdastied effects in
urban areas havikarge implications and their impactequire tobe examired from
different viewpoints through appropriatnalysis approache#s regards the spatial
aspects major events can modifthe pattern of spatial accessibylitof settlements,
consequently compromising the generad 0$ urban spacéhis is clearly the case of
urban floods, whether they are related to overflow in rivers and natural channels, or
failures of urban drainage systems: flooded areas constitutecahysid structural
perturbations ofaffected urban gr&l Structural approaches to analyse flood risk are
usually referred to buildings and infrastructures potentially affected or damaged by a
flood event. However, at a wider scale, urban layouts of sedtles at risk to be flooded

canalso influenceconsequencesf floods In more details, extentand locatiorof
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flooded areas within the urban systems createawgessible zonegshose dimensions
vary depending otterritorial morphology and rivebasinhydraulic featuresFlooded
areas can "break" the urban grid, whigclue to the eventcan beome smaller or
divided intodifferent parts constituting urbaubsystems. As a consequenreafer the
eventurban spatial layout changes and spatial accesgilo#in result modified tao
Movement flows and human presence residb compromised or changedfloods
represent spatial perturbation for the whole affected urban sysfdrmrefore urban
structures of settlements crossed by rivard exposed to flood risk becomlements to
be investigated to evaluaspatial effects of flood eventSrban structure of settlements
at risk constitutes itself a further element to consider aiming at assessing disaster risk.
Moreover, modifying accedsility of urban space, spatial analysis of flood effects
allows to evaluate how the event affects or modiettlementsspatial properties.
Considering the latter as intrinsically linked to hurnalated phenomena and activities,
the configurationatheoryresults appropriate to evaluatuctural changesf the urban

layoutwith reference tdnowthey impactuse and human perception of urban space

According to the configurational theonf Space SyntaxHillier and Hanson, 1984,
Hillier, 2007, the spatial layoutis strictly linked to human activities and urban
phenomenaAs it can be deduced from the basic assumptions of the theory, Space
Syntax allows to analyse urban settlements at the urban scale, assuming their spatial
layout as composed by aets of interconnected spaces creating a network.
achelement of that networkhat is, each space within a given urban layoanhtributes

to determine the configurational properties of the whole urban sysBpatial
connections make each one of 8patial elements able to affect the properties of the
whole grid, reflecting the key concept airban configuratiorf. Therefore, adopting

this approach significantly contributes to achieve a proper assessment
of flood effects, allowing to assess floodsitence considering the connection
between spatial and functional urban properti&@fe possibility the approach
gives to investigate use and role of urban spatteough configurational
indexes, which basically constitute a set of quantitative valeggesentsa valid
element aiming at individuating a quantitative analys of urban
resilience. Being the configurational propertiesbased on topologic measures of
centrality related tdhuman perception of urban spacBpace Syntax indexes allow to
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examire urban layouts based on quantitative value#\ configurationallybased
methodology to study urban resilience permits to assdss pttoperty taking in
consideratioreventphysical effectson the waypeople navigate and experience urban
space, as well alood-inducedchanges of urban dynamic&long with enabling to
introduce quantitative measures in characterising urban resilienceotiistiality of
the syntactianethodactually constitues a significantelement permittingto includein

the resilience assessmenstet ofcognitive andpeoplerelatedflood effects, which are

usually hard to bdirectly and syntheticallypneasurable

As previously described, some studig®ch and Miranda Carranza, 2013; Gil and
Steinbach, 2008; Cutini, 2013a; Cutini, 2013b; Carpenter, 2GtBmpted to
individuate suitable ways to describe resilience of spatial structures analysing values
and distributions of configurational indexesthdugh considering different scales and
purposes of analysis, a common element among these approaches is the comparison
between different configurations, the latter defingd as to respectively model
conditions of spatial layouts before and after a camsdl perturbation. This
comparative analysis appears to be valid algh respect tgerturbations induced by

flood events in urban areas: pre and glugid event configurations can be deduced on

the basis of actual urban layouts and modeled relativeilpesfloodplains extents.
Despte its conceptual validitythe said comparison appears not to be operatively
achievablein reference to floodghrough direct measures, such as differences or
statistical correlation between pre and post event syntagasuresas considered in

the relevant literature. From an analytical point of view, comparison methods adopted
so far need an exact correspondence between confronted datasets, in terms of data
dimensions (i.e. a same number of configurational measutatveeto the two
compared configurations). This circumstance mainly depends on how the two
configurations(i.e. pre and post perturbatioaje defined or, more specifically, on the
method adopted to define the lines constituting the spatial network dieees are
referred to. In case networks are determined as a set of lines representative of visual
connections between all spaces of a given gridgasired by main techniques of Space
Syntax), number, position and dimension of lines vary for differenfigiarations
(namely, pre and post event configurations). In fact, presence of flooded areas can

determineconfigurationsconsiderably different from the correspondent actual urban
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status.Differences can be related to variations in grid dimensiaysutand structure.
This observation highlights that, as regards floeldted assessments, appropriate
procedures areequiredto properly evaluateesilience on the basis of floadduced

changes of urban network.

A specific focus is needed to examitie validity of resilience indicatorgescribed in

Cutini (2013a; 2013h)}o assess whether they can suitaddgcribe resilience to flood

risk. As previously mentioned, the said resilience measures were implemented
analyse resilience botieferring toschenatic spatial structure®.g.:mazelike or star
shaped spatial structures) and urban configurations representative of real urban
structuresAmong all these applicationthe case of perturbation induced by a seismic
event was also considered. The lattaray appear similar to floods: both events
determinenon-accessible areanddistinct configurationsre deduced, which basically

are to becompared. Thelescribedndicators represemlobal measuresiot affected by
dimension and structure of the spaxgrid they are referred to. Moreover, according to
their meaning, thewccount for valuable characteristics of urban systems, usefil
consideringseismic omossible flood event®lthough all these aspects corrobortte
validity of the said measesto estimate resilience to floods, their application to flood
eventsdid not provide a consistent evaluation of urban resilience (Esposito and Di
Pinto, 2015). This shows that further consideratioagee needed to assess resilience
with specificreference tdlood-induced perturbations at the urban scilen-validity of

the said global resilience measures suggests that local features along with other urban
characteristics could contribute to investigate this urban property, leading to artculate
more comprehensive methodology.

In fact, independently othe typology of urban floodpattern ofopen public spase
changes after the everlh a broad view, flooded areas can affect the whole urban
configuration, which is related to movement rateslanaan activities or rather, to how
people navigate urban environmentpa8al functions and distribution of urban
centralities the latter being represented by highest values of main configurational

indexescan varytoo.

LA further application of the said resilience indicators was carriedirptiie context of this work
examining the rivecity systems described inh@p. 3, Par. 3.1. Similar results were obtained, showing
that indicators described in Cutini (2013a; 2013b) did not provide a coherent definition of resilience to
flood events.
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2.2 A methodology to understand urban resilience to flood risk

The multiple meanings the concept of resilience can assume determine the necessity of
comprehensively define and estimate this propektthough acknowledging that an
all-encompassingefinition of resilienceis not achievablean integrated approadtan

help in addressg the issue of propetly assess urbarresilience leading to

well-developed flood management strategies.

An approachcan be derivedasically considering twaspectsof urban resilience.
Firstly, variousurban elements and characteristics concur v@lde thecapacityof the
whole urban systerof being resilient to floods and, in general, to disasters. Secondly,
the concept of resilienciself is closely related to otheroncepts(e.g.: resistance,
vulnerabiity, recovery ability), allrepresentative athe ability to deal with calamities
andrelative effects. Therefore, complexityoth of the concepitself, and of the system

to whichresilien@ is applied can beconsidered to individuate an appropriate definition
of the term The preliminary definition of resilience is assumed as necessary to set the
conceptual basis to develop an assessment method@aggd on the severalays
through whichurban resiliencean becharacterisedsome generally valid keyoints

can be highlighted. Although there are specific differerganings being resilient
intrinsically needs an occurred apotential change, as a shock, a stress or a,ctisis
which get adapted in order teach a (new) acceptable statireover, he concept

can be analysed through systerrbased approaghpointing outan internal andan
external dimensias Internally,each system can be represented as made up of different
components. In order to get a resilient functioning, the wagyalemcomponents can
co-ordinately work, replacing each other if necessary, plays a decisivéAdieting a
wider analysis scale, ela system results included in a netwarkde up by allinks and
connections with other distinct systentsficient interconrections with the outside
permit to improve the overalsystemperformance, especially during and after critic
circumstances. Theseonsiderations resulespecially valid in reference to urban
settlements: cities can be assumed sstéms of systemARUP andRockefeller
Foundation, 2014), being then valid yst®m analysis approat¢h urban systemsAs a
result, urban resilience assumes different dimensions and characteristics: physical,

ecological, social, economic, institutional, infrastructural, community and individual
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competence, local understanding of risk (Cutted.e2808;Norris et al.,2008).0n this

basis, whatever the specifiobjectives of analysjsdefining urban resilience firdty

needs to set a system of analysis subject to variations in its state variables or structure,
once a certain change or perturbation has occufiieaing at examining fluvial floods

in urban areas;river-cities' are assumed asystemsto be studied Rather than just
consideringtheir physical aspects, as assets and infrastructures located nearby a
watercourse, river-cities' are conceived asa set of structuralelementsand social

phenomena that take place withire urban environment

Considering flood occurrence amdl the concepts differently related to resilience, a
conceptual definition of urban resilience to floods can be deduced2(EigThe issues
underlyingthe need of develop resdnt urban systems are hazamdsirban areasas
well asthe circumstancethat determine or increase the probability of occurresfce
calamities. Inparticular, riverfloods occur whenan high waterdischarge leveéxceed
the maximum water transport capacity of river channéldimensions and structural
features ofa river allow to convey a major discharghe system can be considered
resistant: it results able to "resistibt being subject to &8s or crisis and, more
importantly, without causing floodg¢De Bruijin, 2004) Therefore, resistance of river
system constitutes the basicaracteristic to be considergddetermining resilience of
river-cities. Flood defene systems, barriers @lleviation schemgallow to improve
this type of resistangecontributing tohazard reduction in terms déwer failure
probability, or rather flood occurrencén caseresistace level is exceeded, water
overflows river banks determining a river flopflood plainand zonesext tothe river
constitute areadirectly affectedby flooding. It follows that thefailure of river system
ability to convey a certain dischargan determinecalamitous conditions for flooded

areas and, more generally, for tiearby located urban system.

Depending on flood magnitude and extent of flooded zones, flooding can potentially
affect or damage people and assets located within flooded areas, which constitute
elements exposed to the risk and potentially vulneralvlefact, floods can be
schematised as "external" elementespect olurbanstructuresHowever, onsidering

floods ability to modify urban spsal layout syntactic functions and, in turn, urban
phenomena, theganinduce internal changes in the urban behaviowateroverflow

does noinvolve people, human activities or structunes,impacs are determined and,
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consequentlypccurred floodrepresert just a major eventHowever, n reference to
urban rivers this second case is quite unusual: although flood can affect small areas or,
also,affected urbarelements can show an adequate level of resistance, it is unlike that
no (structural or nostructural) impacts ra registered Anaysis of elementslocated

within areas at risk to be flooded provides an assessmemulotrability (and
exposure) Urban planning an@ppropriateuse of natural resource, as well as design
and engineering solutions, can lead to reduce assets and people at risk, the latter
constituting vulnerable (and exposed) elements. Once vulnerable elareatiected

by the eventthe significance of floodimpactscan be deducednalysing impacted
settlementsasrepresentative gbostevent system and its relative featurespacts and
changes determined by floodsduce a newurban configurationln this postevent
phase, lie systemability to adapt itself tahe modified conditios is testedas well as

the systentapabilityto recover in a way to ensuite basic functions. Time required to
recoverfrom an undesirable conditiotan be considered in definirgiobal resilience
(Hashinoto, 1982) butthe concept of urban resilience to flood evearasnotbe related

just to the recovery speed of urban system after a major flonde the event has
occurred and the urban system has implemented its adaptive capacity (compatibly with
its degree ofadaptability, a new status is achieved. Comparison between the latter and
the preevent urban functioning can inform about fleoduced impactand ability of

the urban system to adaptively recover by flood consequences. This knowledge could
suggestappropriatepostevent measures, to be implemented after flood occurrémce

this way, a further system status abtained which will -in the future cope with

possible hazardous circumstances.

It follows that urban resiliende defined as a dyamic procesgesistance, vulnerability
and adaptation being its main elemerits the specific case of riweities, the said

procesgFig. 2.1)regardsbothriver features and urban characteristics.
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"""""""""""" 1 SYSTEM'S PERFORMANCE
1 AND DIMENSIONS
1

RESISTANCE VULNERABILITY

URBAN SYSTEM
STATUS n.2

Figure2.1: The concept of resilience represented as a cyclic process

Elements at risk, as well as the degree to which they might be affected by a major event,
induce potential threats for the urbamvironment (that is the risk, indeed). The need to
cope with hazards and to recover from them, highlights the necessity to be prepared to
face potential floodinduced perturbations. In fact, theesilienceprocess results
articulated throughout all flooghases (i.e.: before, during and after the event) and
continuously evolving over time thanks to feedbacks between event phases: risk
preparedness, reduction, response and adaptation to consequences are all able to
determine and influence resilience abilityhis observation permits to notice that
resilience needs vulnerable elements to arise; howeverdoés notneed event
occurrence to be "built" and structured. Considethag floods can affect wider areas

than just the directly flooded ones, up to imipthe whole urban structure, the spatial
dimension of urban resilience goes beyond the extent of areas directly at risk, involving
larger parts of the urban system. Therefore, resilience assessment requires a suitably

defined study area.
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On the basis ofhis conceptual definitionsome considerations can be outtings

follows:

A Spaces in urban environment constitute places where people move and interact.
Natural disastersand floods, among thendetermine limitations in the patteand
extentof accessible areas. How changed accessibility due to floods can affect human
dynamics? Or rather, structurally altering urban layout, how can flood events modify
and impachumanspatial perception?

A Depending orurbanstructure and features of floodedtkehents, diffeent are
the spatial extentf flooded areas. The lattarealsodifferently located within affected
settlements, according twoth watercourses and territory morphology. On varying of
these elements and urban morphology, physical vulriityadond magnitude of impacts
change. Howthese typologies of vulnerability and spatial impacts of urban floads
be evaluated?

A As far as impacts on urban structure change, diffeisnthe degree of
adaptability that the urban systenneeds in order to withstand floodinduced
perturbations and reach a new acceptable equilibrium after the event has odturred.
follows thatrisk analysis, vulnerability and impacts assessments can be assumed to
understand urban resilience. Considering possible impadtsdasedchanges within
the spatial structure of settlements located in proximity of rivers, cae tlaetorse
considered in an adapthmostevent perspectiveleading to understand urban
resilienc®

A Adaptability is a key element irsensitive urban environment, such as
settlemert located along amearby rives. Although these urban arezen benefit from
water resourcs, rivers clearly also represent a potential of risk. Can a quantitative
approach allow an objectively comparisonvietn different urban structures, in order
to estimate trends and variations in fiskated impacts and urban resilience, as concern
the spatial aspects?

A A structured and suitablessessient ofhazards followed by theidentification
of main urban vulnerality elements and risk driversconstitutes a basic focus in
dealing with potential disasteesxd avalid support to disaster risk management. How
knowledge of spaetcusedurban resiliene can help in defining efficiemind effective

risk management meares?
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Based on these considerations, a nsthge methodologis proposedo assess urban
resilience to floods adopting a spatial perspective of analisfferent stagesare

definedto evaluate urban resiliené@ecusing omrmain factors ofesilienceasprocess

A analysk of the urban structure of settlements potentially s is assumed as
the preliminary stage of the procedure, as the basiady to characterise the
initial status of the wholanalysissystem

A assuming a certaiflood event,or ratherconsidering tk case ofan exceeded
river resistance level, a focus on areas at iskconsidered tgorovide a
framework of elementsxposed to riskas part of a vulnerability assessment

A the subsequeranalysisof a potential posevent configrationis dedined to
investigate the modified urban layouand outline how the urban system
organises itself to respond to occurred impaCtnsidering the status after a
flood event, the methodology allows to examihgostevent” conditions
deduced daking into accounpresence of flooded areals reference to flood
occurrence, tis status corresponds the emergency phase (which, indeed,
occursafter the flood). Althoughbeing atransiton period of time disaster
emergencyphaseplays a fundamentable in reference tairban resilience and
flood impacts: in the sheterm,emergency characteristican affect the ability
to generally cope with the event; in the lelegm, it can influence thiollowing
postemergency phasée.g.: reconstruction phas€hanges in urban dynamics
are a neasure of how theevent impad the system adopting adynamic
standpointtheyinform about the ability of the system &olaptits internal and
functional features as a respornsethe occumd changes in the pattern of
accessible spaces.

A a further stage of analysis referred to the {sesint phaseThe common
understanding of these information as impacts can be revised interpreting them
as changes, or rather as effectshef adaptive capacity of the riveity system,

contributing to understand resilience ability of the affected system.

Combining thanformation deduceffom each one of treestage of analysjan overall
understanithg of the degree ofirbanresilienceis achievedEach parf the procedure
can be suitably examined regard of its relative conbution to defining resilience.
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2.2.1 Applying Space Syntax to analyse urban structures of river -cities

The first step of the methodology is defineximining urban structure of riveities.

Rivers have always been considered a resource for human activities, over time affecting
the devéopment of nearby areas. Rivermorpholoy, hydraulic and ecological
characteristics can affect the attitudeaogas located on river banks to be transformed
into built environment. Settlements arisen along watercourses constitute a representative
case of the mutual continuous influence between natural and urban environment. Rivers
inclusion in the than environmeincan be seeasa balancéetween environmental and
humanrelated needs. Specific sectmased approaches of study allow to singularly
analyse, on one side, the river environment and, on the other side, the nearby located
urban structures. Assuming rivecosystem and urban environment as two different
layers, different quantities can be defined as representative, respectively, of the river
dimensions (e.g.: length of the main branch, average width, river basin area, hydraulic
regime) and the urban featsrénumber of inhabitants, averagehabitantsdensity,

main land uses) (Silva et al, 2006). However, the said layers are inextricably linked each
other: localisation, morphology and urban structure of foies are cledy related to

urban environmentat the same timethey have beeralso influenced by hydro
morphological and environmental features of rivers they are crossed by, the latter being
aspects related to the natural enviremtn Globally looking at bothiver and city
systems, information cabe reached as regards their mutual influence and how they
have been mutually shaping each other. Focusing on spatial features, this equilibrium
can be detected analysing the intersecting points between the two said layers: location
of urbanised areas, langses pattern with respect to the river course, position of the
bridges and riverfront features are all indicators of the influence of the river on the
urban morphology. In particular, number and location of river crossings can be seen as
representative dhe capacity of the urban system to "jump over" the river, being able to
include the watercourse within the urban system. Bridges assume a strategic role, both
in reference to their structural connecting function between the banks, and due to their
ability of creating people visual and physical contact with the river environment.
Indeed, promoting human activities and movement along and across tise oneges

can increase theymbolic valueof the river(Manning, 199).
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Therefore, urban layout amdorphology of cities crossed by rivers contribute to achieve

a deep knowledge of urbaiver environments. Further considerations about 1oigr
structure can be achieved analysing relative configurational properties. Beside the
availability of infrastretures, able to physically link two river banks, other factors
determine spatial and functional inclusion of rivers within nearby located urban areas.
In fact, the role that river crossings plag part of a correspondent urban configuration,
does not exasively coincide with the basic ability to physically connect areas located
on different sides of a watercourse. The spatial distribution of configurational indexes
within a urban grid, along with the location of main syntactic centralities in respect of
the river course, reveals if thiwer has been considered as an attraot@r time or as a
separating element during the process of urban development. As a result, two distinct
urban layouts can be schematically deduced: a structure gravitating tothards
watercourse, or a structure organised along the river as made up by distinct areas

working as isolated micreystems in relation to the river.

A deep understanding of urban characteristics, both relative to spatial pattern and
relative human perceptigis a basic part of resilience assesspaltwing to properly
characterise the actual urban configuratiddc€nario 0) as the statuquo potentially

at risk to be modified by flood events.

In order to syntactically assess riaty relationship, cofigurational measures are
evaluated at this stage through Space Syntax analyses. Syntactic indexes referred to
axial maps are mainly evaluated on the basis of depth measure. However, while
navigating the urban environment, human perception of visual eBawgries also
according to the turning angle size of directional changes (Montello, 1991; Dalton,
2003). As a consequence, selection of movement routes results affected not only by the
number of changes moving within the grid, but also by the angulay eftithat
changes. Based on this observation, theadled Angular Segment Analysis technique
("ASA) (Turner, 2000; Turner, 2001b) results to be particularly valid to analyse spatial
configurations at the urban scale. More in det#SAallows to takeinto account the
incidence of intersecting angles between axial lines in defining paths of movement.
Given that minimum angular paths routes correspond to minimum directional changes,
angular measures are based on the concemngfutar mean depthd , which isthe

ratio between the sum of all the shortest angular gath{$rom every axial linea to
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every other axial lind of the setv(L) of all axial lines) and the sum of all intersection
angles between all lines of the system (Turner, 2001b):

B. «

B. 0

Weighted angular distances are defined assuming intersection angles as a weight: the
more an intersecting angle tends to be right, the higher will be its weight. In order to
suitably define angular changes, lines of axial maps are segmented, or rathatospli

two part in correspondence of intersecting points (Turner, 2001b). Therefore, axial maps
become "angular segment mé&pand ASA indexes consider both geometric and
topological factors that affect movement patterns. Constituting an advanced measure of
the standard syntactic indexes, angular indexes showed an improved correlation with
movement rates than axial syntactic indexes. This statistical correlation enforces the
ability of ASAto reproduce movement patterns (Hillier and lida, 2005; Turner, 2000;
Turner, 200b). The higher statistical correlation between angular measures and
movement flows-if compared to the same correlation referred to usual indexes
appeared to be not related to network features. It followed the algorithmic abAgAof
techngues to better reproduce human behavior and spatial perception (Hillier and lida,
2005). Based on this observatioASAtechnique constitugean appropriate method to
investigate urban configuratiprproviding acorrespondent set of syntactic angular
measires.Spatial modelsan bedefinedselecting all open and accessible spaces within
relative urban settlement, both regarding to pedestrian and vehicular movements
Therefore ASAoutcomes can be considered valid in reference to both these type of
movemend. Angular analysis can be performed using the Depthmap software platform
(Turner, 2001a; Varoudis2012. In order to deeply analyse grid features,
configurational indexes can be evaluated at global and local scales, setting different
metric radii to calalate syntactic measures. Two specific values of radii assume
particular relevancei) R = 400m can be suitably considered to reproduce pedestrian
flows, at the local scaldi) R = n (beingn the total number of lines of each segment
map) corresponds thé wholesystem and it can breferred to global measures relative

to longer movements, such as vehicular flows. On the bagiSAihdexes values, main
configurational centralities can be pointed out highlighting the set of spaces with

highest configurational indexes.
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A threshold value has to be set to defimMeich segments exactly create the syntactic
cores. As suggested in theltaccal literature (Hillier et al., 1993), a percentage equal to
10% of lines with highest values of a certain configurational index can be assumed to
point outrelative"cores.

Numeric values and spatial distribution of indexes within a given urban ks &
investigate the main structure of the analysed city and further detailed considering
measures of statistical correlations between indexes (e.g.: intelligibility, synergy), as
described in the literature (Hillier, 1989; Hilli?Q07 Dalton, 2007).

Being the syntactic features and their spatial distribution representative of how urban
spatial pattern shapes human activities, configurational properties analysed at this stage
of the procedure provide a significant knowledge to properly assess thdaydel by
watercourses in reference to urban phenomena. Configurational features deduced
applying Space SyntaASAtechnique can be examined in relation to watercourses
location. This approach constitutes a specific application of the configurationgt theo
investigate rivercities structures based on spatial and functional connections between
rivers and surrounding urbanised areas. Number of river crossings, relative location and
role in reference to movement economy can be specifically assumedcasargiof the
degree of connections between river banks, representing a synthetic measure of the
described rivecities relationship.

2.2.2 Urban structure and vulnerability assessment

Magnitude of flood events is mainly linked to fleowuced effects and impts, which,

in turn, are related to all the elements affected by a certain flood event. On this basis,
analysis of areas at risk is assumed as a second stage of the procedure. Importance of an
accurate characterisation of elements at risk basically cemsigte derived possibility

to assessomponents of vulnerability. The latteontribute tooutline possible event

effects within the whole settlement. Urban vulnerability is a niafteted concept,
involving considerations related to structural and-swuoctural elements that can be
impacted by a certain event: structural elements, neswvofkinfrastructures and
technologies, economy, natural environment, sodialctire, human lives, people

safety and wellbeing. Whatever the specific aspect a study is focused on, vulnerability is
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strictly related to that parts of a system which could be affected by a certain
petturbation, in a direct or indirect way.

Focusing on floogorone urban areas, elements directly exposed to risk result to be
located within potentially floodable zones. Starting from characterising areas at risk
("AAR') to be flooded, elements within theseeas are assumed as potential weaknesses
of the urban system. Considering properties or urban grid of-citsersystems, a
physical vulnerability is investigated to point out and describe the part of urban network
at risk to be flooded. Subsequently kexaing other urban characteristics, a matep

procedure is obtained tovestigategphysical vulnerability of the urban grid.

Aiming at analysing elements at risk, it is indispensable to poindAA&to definethe
specific system of study $TEP 0). Given that serious damages and losses are more
likely to happemext to the river, or within the flooded area, floptone areas can be
assumed a8AR Extent ofAARcan be deduced on the basis of hydraulic modeling of
hydrological processes, watdistribution and value of flood discharge, fluid dynamics
and evaluation of river cross sections and river basin features. These aspects are related
to severity andcharacteristics of flood events as well as morphology of territory.
Magnitude of floods isusually referred to the return periddof the calamitous event;

on varying ofT, distinct floods can be modeled varying, in turn, correspondent areas at
risk to be floodedln order to operatively define extents of area at risKTEP 0),
spaces at risk to be flooded can be deduced from relevant plans and documents. Specific
data and maps elaborated by relative River Basin Authorities can be considered to
individuate extent oflood-prone areas for given flood return peridche EU Water
Framework Directive European CommissioriPirective 2000/60/EC of the European
Parliament and of the Council &3 October 2000 establishing a framework for
Community action in the field of water policyor WFD, 2000 requires that each
Member State defines a river basin management plan for each river basin district within
relative State territory Furthermore, # EU 2007/60 (European Commission,
"Directive 2007/60 of the European Parliament and of the Council of 23 October 2007
on the assessment and management of flood, ri’Xd07) requires Member States to
assess flood risk mapping flood extentorder to poithout elements at risk and define

suitable risk reduction measures.
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Plans and documents drawn up in accordance witthedle regulatory measures and
legislation provide information that allows to define and geographically locate flood

prone areas.

Focusing oMAAR a correspondent part of the grid can be derived. Syntactic features of
spaces at riskan be examined to investigate network vulnerabili§TEP 1). The

whole pattern of syntactic values within a grid contributes to setidemdify urban
features and citybehavior. Integration and choice indexes can be considered
representative of the two main movements within the grid (or rather, toalled
"to-movemeritand 'throughhmovemenr) (Hillier, 1999). Therefore, global @&n) and

local (R= 400m) integration indexes, along with global=(R) choice index (and
relative cores) can be considered to investigate main configurational features. Values of
ASAsyntactic indexes can be sorted by their values to point out relative highest values
which basically represent spaces with strategic role in respect of urban dynamics. This
classification can be also graphically reported obtaining a sort of syntacticasap
thematic representation of the urban netwalsle tohighlight the spatial distribution of
indexes within the grid. More specifically, high values of indexes correspond to parts of
the system which configurationally play a fundamental role in respect of urban
dynamics. This point can be clarified looking at the configonal indexes and their
meaning: weklintegrated zones (or rather, spaces that contain segments with high
integration index value) constitute areas likely todmee destinations for movement
paths, meaning high density of people as well as human activiiiggsvalues of choice

index correspond to parts of the urban network that represent the main connection paths
between different points of the grid, or rather spaces related to considerable crossing
flow movement rateslntegration and choice indexes cha assumed to investigate
urban dynamics;paces with high value dheseindexes (the secalled 'tore") and, at

the same time, located within the potentially flooded areas (thatAAR)
configurationally constitute keglements at risk. The more likelyeathe cores to be
located within flood-prone areas, the highevill be flood effects on citybehavior.
Depending on the specific syntactic indendrelative core at riskdifferent will bethe

effects on the whole pattern of movement and urban pheneraeoarding to the
specific connection between each index and the wholeement economy process
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At this step of the procedure, a visual analysis of main syntactic elements exposed at
risk can be achieved overlapping syntactic cores and-fioode areasMore detailed
considerations can be obtained examining numerical values of each configurational
index. Based on the outcomes of syntactic analysis, each line of a given spatial network
IS associated to a set of configurational measures, meaning all avaitalelxes.
Therefore, each configuration corresponds to a set of quantitative variables, or rather to
a relative dataset of cofigurational measures. Indexesimerical distribution can be
deeply examined on the basiswa@luesfrequency distribution, which analytically is a
summary of data occurrence in different ranges of valbesyuency distribution of
examined indexes (i.e. global integrati@=n), local integrationR=400m)and global

choice indexe$R=nY) can be usefuo further analyse syntactic properties on the basis

of indexes numerical distribution. Frequency \aflues (processed datasetin the
described context of analysisprrespondo a set of values as measures of each index
for all segments of a syntactic network) can be obtained orgaresidgdataset in
reference to a certain numberiofervals of valuesDividing the whole range of values

(or rather, all values of a given index), in equal and -aeerlapping intervals,
frequency can be obtained as the number of occurrences of values within each interval.
Occurrences of values in each interval allow to plot a frequency distribution Ginee.
actual configuration of a urban systens¢enario 0) and the part of the same network
located within the area at risk correspond to two different frequency distributions: the
former is representative of the whole grid, the latter is relative to space& &b be
flooded. For each syntactic measutevo distinct frequency distribution curves can be
obtained, respectively, in reference to the whole urban layoutits preevent
configuration (Scenario 0)- and specifically focusing on the set of linekigh result
located withinAAR The latter can be assumed as potentially affected by the event
("flooded ared) according to the adopted scenario analysis apprdadinst overview

of how the system is vulnerable to the event can be achiewegaringthese two
trends based on frequency curves: the more similar are the areas under the two said

frequency curves, the wider will be the part of the network exposed to flood risk.

2 As largely assumed in several applications of Space Syntax reported in the literature, considering the
logarithmic values of choice index (and, more dfieadly, Log(Global choice + 1 allows to better
investigate choice indepermittingto higHight the range of highest choice values.
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Ratio betweerthe areaunder the frequency distribution curve relative to floodable
zones (A¢") and the area under the frequency distribution curve representative of the
whole grid (Awt") can be defined as ausceptibility indicatdr ("ls"), beinga measure

of how the gid is susceptible to be affected by a flood event:

o~ O
()

Aiming at providing a meaningful measufeequencydistributions of values and are
evaluated on the basis of segnsdahgth (segmentstespectively of thewhole system

or included in the floodable area): accounting for the network extensioedinidagth

of segments results to be more significant than the segments num&em. assume
values between 0 and 1, increasing the level of syntactic vulneraddity value
becomes higher. Although examining the whalege of a certainonfigurationaindex
providesuseful considerations, focus on the highest indexesues allows to point out

to what extent the syntactic cores of the exystvill be affected by the event. Therefore,

As and At values can be specifically compared in reference to segments with high
syntactic valus (i.e. segments of each car®epending on each configurational index,

as well as on the threshold valaecording to which the core is defined, different values
of Is can be obtained. The set of lines with 10% of highest valtieach considered
index can be selected as a core, to spécifplues in reference to each syntactic cores
("ls,int(re my10% 5 "ls,int(Re 400m)10%; " Is,choice(® my10% ). The wider range of 30% of highest
values can be also considered to complete this specific part. Further measures can be
obtained (Is,intr= n)30%; "Is,int(r= 400m)30%; "Is,choice(® ny3o%') completingthe quantitative
estimdion of network at risk, wittspecific reference to the most strategic part of the
grid according to movement economy. This detailed analysis is particularly significant
given that severe impacts are more likely to derive from aelaigre at risk: highly
contributing to increase the total configurational vulnerability, cores at risk deserve a
special attention as they constitute a relevant indication of how the system would be

affected in its main parts.

On the basis of these outces a further step of analysis can be defined to investigate
how areas at risk are related to the whole system (or rather, floodatbafidoded

zonesconstituing the study area in its actual configuration).
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Relating syntacti¢eatures tmther urban aspects, a broad vulnerability assessment can
be achieved STEP 2).

Although in different ways, accordinglto urban structure and floocharacteristics,
consequences of a major event affect the whole urban system, not just flooded parts.
Therefore, in the view of a detailegissessment of urban vulnerability, the procedure
integrate different dimensions which jointly contribute to a comprehensive approach:

A the definition offlood-prone areas provides the main area at fisged on
hydraulic and morphological characteristics

A starting from urban layout,oafigurational featuresllow to analysehe use of
space and the influence of spatial pattern on human activities. These aspects can
be quantitatively and synthetically repeesed throughthe spatial distribution
and values of syntactic indexes.

A land uses pattern defines theban morphologywhich, in case of settlements
next to rivers, is linked to the presence of watercoursestamoh contribute to

describe flood consequess, in terms of elements at risk and potential damages.

Including all these urban features in a midier analysis approach, all the described
aspects can be considered to point out main characteristics and elements of urban
vulnerability. The highest contribute to urban vulnerability can be identified irejeo

the casef a syntactic corat risk (or rather, a core located witiiAR and, at the same

time, located within urbanised areas. Assuming integration and choice indsxes
representativef syntacticproperties analyses at this stage can beuied on global
integration index, global choice index and local integration index. These three rsgasure
indeed provide a suitable overview of main movement flows, exploring both global and

local dynamics.

Network at risk can be firstly described as gfgcentage of segments at risk, or rather
segments located withilAR This value can be obtained as the ratio between the total

length of segments at risk and the total length of the whole network.

Segments constituting each considered syntactic coobalg(R= n) integration core;

local (R= 400m) integration core, global €R1) choice core) andat the same time
located within area at risk, constitute the percentage of core at risk. This value
corresponds to the ratio between the total lengtbegiments within a core at risk and
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the total length of the whole network. Cores at risk can be further classified according to
land use of the area they belong to. Length of segments of cores at risk for each land use
area can be divided by the total lemgif the whole network, obtaining percentsigé

core at risk for each land use. According to all steps of this scheme, each percentage
represents a specification of the relative previous Be&ative measusof core at risk

can bealsoevaluatedcompaing the length of segments of each core withAR and

the total length of all segments of the same core. Similarly, a relative percentage of core
at risk in reference to each land use camlitaired as the ratio between the length of

core segrants located within a certain land use area and the total length of all segments
of the coreA special attention is needed for continuous or discontinuous urban fabric at
risk®. These land uses represent sensitive parts in referenceban vuherability,
accounting for highly populated hazagstbne areas, or rather significant concentration

of human activities.

A "networkbased vulnerability ("Vnw') can be introduced andefinedas the sum of
the totalpercentage length of all cores at risk (i.e.: global integration core, global choice
core and local integration core withiWAR with respect to the total length of the

segment map Lror’):

These percentage values aaiso in this casereferred to the length of segments, which
results to be representative of network extents. Being a percenfageyalue

constitutes a quantitative and objective measuggidfvulnerability.

® According to CORINE -Co-ORdinated INformation on the Environment land cover
classification(www.eea.europa.eujcontinuous urban fabriccan be defined as mainly
constituted by buildings, roads and artificsairfaces, up to cover more than 80% of the
total area; discontinuous urban fabricis referred to areas with buildings and
artificially covered surfaces, covering just a percentage between 30% and 80% of the
total area due to the presence of discontinwegetated zones (Bossard et al., 2000)
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Based on how/,, is defined, i$ valueresults also able ttummarise physical, syntactic
and morphological features of areas at (i5ig.2.2)

Hydro-
morphology and
flood event

Urban
Configuration

Urban
Morphology

Figure2.2: Schematic representation of the mulstep procedure proposed to evaluate urban
vulnerability as acomponent of urban resilience

The said approach can be implemented overlapping areas at risk, syntactic cores and
land use patterns. As an outcome, areas at risk can be characterised in reference to the

percentage of each core at risk and relative lapd.us

Outcomes dduced from all the steps allowto describe and characterise urban
vulnerability to flood risk in reference to urban structure and layout. Further information
can be achieved relating these results to other characteristics of urban rafeas,. |
demography, number of people and inhabitants density within AAR constitute
significant elements to be taken into account to assess vulnerability, being the
percentage of people potentially exposed to a certain event one of the main concerns of
vulnerability to natural risk. Value ofpopulation at risk can be evaluated sathe
percentage of people withiARIn reference to the total number of inftabts of the

whole study areaCombining population at risk with the definechétworkbased
vulnerability’, level of vulnerability is further investigatedSTEP 3). Being both non
dimensional numbers and being also independent of the size of the system they are
derived by, these measures permit to compare level of vulnerability of differemt urb

systems, or several configurations of a given urban structure.
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2.2.3 Assessment of flood-induced configurational changes

The main innovation of introducing the concept of resilience in dealing with disaster
risk comes from interpreting consequences of stsesserisesnot just simply as to be
avoided, but rather as induced changes to which the affected urban system should adapt
itself in order to better face them. Being prepared to cope disthister corexjuences
supposes the disasteffects and consequences to dmequately known before event
occurrence. Although this could appear an obvious point, it is not an easy issue in
relation to expected impacts of natural phenomena. In some cases natural events are
unforeseeable, both consithg their occurrence and extent (or rattedements they

will potentially affect or damage). In other cases, lik@od of occurrence and events
characteristics can be assessed, leading to point out elements at risk. As concerns flood
events, they can be defined in time and space, although with a degree of uncertainty
related to events magnitude and frequency. Extent of food plains can be known,
constituting areas directly at risk to be flooded. Moreover;tneed data of rainfall and

water levels, along with event modeling and historical data of past events, lead to flood
forecasting. The latter constitutes a significant part of disaster risk management and it
differs from flood warning, which specifically refers to events that are abduwppen

(WMO, 2011). Considering this spatiemporal floods characterisation, the analysis of
how the affected system would be after a flood can contribute to flood management.
The possibility to modeflood events enable® examine posgvent phase, also under
different conditions on varying of type or magnitude of examined fltfoplostevent
conditions (meaning the emergency phase) can be modeled, as is the case of floods, they
can result to be considerably differenbrh relative preevent ones. Urban structures

can be modified both in terms of layout and dimensions of accessible parts. In fact,
flooded areas can induce substantial spatial changes within affected urban systems,
being the inability of people or vehiclés move within flooded areas one of the most
evident effects. However, the event indirectly affects the whole urban system,
modifying the overall pattern of spatial accessibility. Broken connections between
flooded areas and other parts of the settlencant create isolated zones, physically
separated from the rest of the city to vary degrees, such as: areas hard to be
reached, or zones reachable from systenoutside through a unique

connection, aspgeninsulal, up to create areas completely inaccessemelslands. In
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some cases, connections which still continue to be functional (if there are any) despite
occurrence of a major event, can give more relevance to some areas. This circumstance
occurs when certain locations after the event result easiee teached than others,
owning a higher level of accessibility than others, or also being more accessible if
compared to the relative pexent condition. In reference to the movement economy,
this last category of spaces can assume a more central spatihlan remaining zones,

as well as in respect of the role they had before the event (Gil and Steinbach, 2008).

Focusingon floods in urban areas, the possibility to define affected zones is the
underlying element to model a possible structure of th@rudayout after a certain
hazardous event. Knowledge of areas at risk and their extent allows to apply a scenario
analysis. More specifically, the actual configuratadra rivercity can be assumed as a
preevent scenario 8cenario 0). Being knownflood-prone areas, which constitute
AAR a second configuration of the same system can be obtaweeldppingAAR and
thebeforeevent grid. The noflooded areas odcenarioBconfiguration provide a post
event scenario §cenario I). Examining thdatter and comparing its syntactic features

to the relative pre&vent configuration, significant information are achieved about how
the system would be altered by a flood event. This approach actually stands for
individuating impacts on the said system. tlms sense, impact assessment is a
significant part of the risk management process and resilfecosed disaster risk
management: knowledge of pastent conditions-even with a certain degree of
uncertainty, as above mentionqutovides a clear and efftive frame of how, where

and what the urban adaptive capacity is needed.

Even if extent of affected areas can appear spatially limited, flooded spaces affects
urban behavior at a wider territorial scale. This consideration is consistent with the basic
principles of the configurational approach: each spaceording to its location within
the grid and its spatial connections to the other parts of the syspatibutes to define
the whole spatial configuration. In this wasgnsequences determined bgpace that
becomes flooded (or rather inaccessible) are not just related to its area extension.
Induced effects can also depend on how that space is linked to the system and which

functional role it assumes within the saidansystem.
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A first analysis ofthe affected settlement can be aimed at investigating theepest
configuration and its syntactic properties. The main way to understand and evaluate
syntactic properties is to examine relative configurational indexes, in terms of their
values and theigeographical distribution within the grid. Applying Space Syntax
analysis to poseventconfigurations means to examine each-floaded part of the
system, whether if flooded areas make the rorgr system just smaller, but still
compact, or they splthe grid in several isolated ssystemslin order to assess flood
impacts,Scenariotconfiguration is investigated at this analysis stage. On varying of
flooded part, Scenariolconfiguration may just consist of a limited part of

the relative ScenarioBconfiguration, or of several small areas of the original
ScenarioBconfiguration. These two circumstances correspond, respectively, to the case
flooded areas are confined to a certain zone or diffusely distributed in the study area.
Therefore, Scenariolconfiguration can be assumed as made up by subsystems;
applying Angular Segment Analysis to each one of them, the latter are singularly
examined, one at tim&elative spatial distribution of configurational centralities can be
obtainedtoo. Being the configurational measures proxies of human activities and
dynamics, a pattern afrban centralities permits to individuate areas that would be more
likely to assume a strategic role as regards people presence and movaiogtihg

this procedure of analysis, connectsdoetween studied urban systems and outside, at
regional or natinal scales, are not considered. In this vihg, most severcondition

the urban system could cope withexamined Focusing orScenariotconfiguration,
highest values oanalysedconfigurational values within each subsystem (globad iR

and local (R 400m) integration indexes, global choice=(R values) provide a pattern

of spatial distribution of main cores during the emergency phase.

In order toassess flood consequences, it appears necessagmiumae the affected
structure and its relative pevent conditions. A comparative analysis can be defined
graphically matching pre and pestent configurations, and correspondent urban
centralities, tonotice if the said centralities are preserved, changed in their extent,
shifted in their location or deleted, as a consequence of a flood event. However, a more
structured comparisois neeckd, based ormbjective comparisonmethods to obtain
results not #ected bythe dimensionof the system they aneferred This constitutes
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an important issue in dealing with disastetuced changes of urban layout. As it can

be evident in the case of floods, pre and {ge&int urban layout differ eachher from

many point of views, the most evidalifferences ar¢he systemdimension and layout.

The more the comparison criteria are able to objectively include different characteristics
of the analysed systems, the wider will be the confrontation and the range of achieved
information. Configurational indexes represent the kalgments to be investigated.
Values ofindexesvalues can change on varying of dimensions of the system they are
referred to, or rather the number of lines of the relative syntactic map. In order to
address this problem, normalised measures of the mamfigarational indexes
(respectively, normalised integration and choice indexes) can be calculated as proposed
in the literature (Hillier et al., 2012). In reference to a given radRusiormalised
integration (0 @'®) and normalisedchoice indexeq0 @Q can be obtained from

measures of angular choig®Q ), angular total depttiYO) and the node couh(l & :

s 17T& »p
0 0® o g
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Normalised values mathematically avdid dependencef indexesfrom the size of the
system they are referréd, even preserving the ability of normalised syntactic measures
to reproduce movement ratéormalised values of global integration and global choice
can be examined on the basis of their relaftigquency distributions. This comparative
analysis between pre and pesent scenarios allows to point out how the event can
transform the system. Moreover, outcomes of this part of the procedure permit to
evaluate if the set of spaces which assume newtifanal roles, constituting peswent
cores, owns suitable characteristics to coherently pkiyribw central role in reference

to human cepresence, flows and urban phenomena

*Space Syntax theory considers spaces to be analysed through rAedsedkmethods,
representing urban spaces as nodes linked by lines, the latter accounting for spatial
connections between the said spaces. Givegrtain segment, the node count represents
how many nodes, i.e. spaces, are located within the area defined by the assumed radii of
analysis (R"). If globally evaluated (R= n), the whole system dimension would be
considered and the node count would beoastant value for every space within the
system (as all the spaces of the grid are considered).
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A more structured comparis@@tween the saificenarioscan be achieved starting from
analysing the analytical properties of measures related to each segmeifrona@n
analytical point of view configurational indees constitute a set of quantitative
measures. They can be represented as a numerical database of values assaiated
given urban configuration: each line or segment ownsiraber ofmeasuregqual to

the number of evaluateslyntactic ingéxes Dimensions of this database can be very
large, depending on the extent of the map (or rather, the number of network segments)
and the number of considered indexes. Syntactic indexes are correlated each other, as
the statistical correlain among their values can show. This observation suggests that a
proper combination of them could be found to preserve the information they provide,
avoiding redundancy represented by their mutual statistical correlation. The multivariate
statistics can & applied, permitting to examine multiple variables and their mutual
relationships. Among multivariate statistical techniques, the principal component
analysis (PCA") allows an exploratory data analysis aimed at reducing the number of
observed statisticlyl correlated variables by pointing out a smaller humber of new
uncorrelated variables gfincipal componenty (Hotelling, 1933). The latter are
individuated as able to account for a large amount of variance of the original observed
variables (Wold et all987; Zani and Cerioli, 2007; O'Rourlet al., 2013).

Description of PCA basic concepts and potentialities allows to noBEA validity to
compare different urban configurations. Large datasets, made up by several variables
referred to many units, can bédficult to be examined. Althouglarge amounts of data

can lead to several analysis and represent a valid set of information, their own
numerosity can constitute an obstacle in overall examining features and phenomena
they account forPCA represents anethodology to explore data aiming at finding
relationships between variables of examined datas®®A procedure permits to
properly reduce dimensionality of dataset on the basis of how all variables are mutually
correlated, taking into account a largertpaf their variations (Wold et al., 1987).
Decreased amount of data, obtained appliAGd\ derives not from analysing a limited
number of variables or elements at a time, but from the possibility to interpret the
original dataset through a lower numbémew variables. As a resul,CA outcomes

represent fewer values to be managed and interpreted than original data. It follows an
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easier data interpretation and a simplified way to emphasize data main features,

commonalities and characteristics.

In more déails, a given dataset can be organised as a mafnxx p, havingn rows, as

the numbem of examined elements or objects, gmd&olumns, as the number of
quantitative measured and correlated varialBesed omPASAmeasures, a set of eight
variablescan be assumed as to completely represent main characteristics of the grid at
the urban scale. Segment length, globat (R and local (R 400m) choice index,
global (R=n) and local (R 400m) integration index, local (R400m) node count, total
(R=n) and local (R 400m) depth provide a description thie networkstructure and

main centrality measures of a given gidl these indexesonstitute aset ofp (p=8)
variablesto be processed througpCA While p is a fixed value once defined the
number ofexamined configuranal indexes, the segment mdimensionn, defined as

the number oélements of a given segment map, depends on network size. TheXefore,
(n x p data matrix can assume different dimensions, to be specifically defined in each

case.

Corsidering different urban grids, the statistical relationshipstween some
configurational indegs referred to different segment maffsg.2.3) show that, even
changing the numerical value of the each correlation coefficient, the relationships result
to be similar in all cases (meaning high or low, direct or indirect correlation). This
circumstance can be explained noticing that the correlation betwa&bles depends

on how they are defined and not on the specific dataset they are referred to.
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Figure2.3: Representation of correlation matrices (the szalled "correlograms).
Correlations areevaluated considering a set of eight configurational measures: segment length
("lenght"), global choice (Rn, "Ch_n), local choice (R400m, 'Ch_400r), global integration (R n,
"Int_n"), local integration (R400m, 'Int_400m"), node count ('Nc"), total depth (R=n, "Depth_n"),
local depth (R400m, 'Depth_400m). (Pie charts: magnitude of the correlation. Blue color ramp:
increasing direct correlation; Red color ramp: increasing inverse correlgtiolexesmeasures are
derived applying AngulaSegment Analysis to three different urban structures (for a detailed
description of these urban layouts, see Chap.3, Par. 3.1)

Applying PCA X values are usually represented as deviation from correspondent
average value of each variable. The basic considerati®Céfapproach is that, ip
results alarge valug it can be useful to organise variables in a way to reduce their
number, not undermining the overall informational content and the statistical variance
of the original data. On the basis of the statistical correlation amoagables, a set of

new varidlesPC (i = 1..p) ("principal componenty is defined fromX (n x p matrix,
obtaining as many component as many origmeriables. Componen®C (i = 1..p)

are obtained as linear combinations of the origpalariables PG (i = 1..p) are
uncorrelated and listedby their variance in descending order. In order to find

coefficients of these linear combinatipn@ble to maximising the variance
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eachPG (i = 1..p) can represent, maximum problem is derived. The latter requires to

be solved by introducing Lagrange multipliérs In fact, being everyG (i = 1..p) a

linear transformation of af variables, the variance of each principal component can be
expressed througthe cowariance matrixS (p x p of the initial datasetS-eigenvectors
a (i= 1...p contain coefficients of relativelinear combinatioPG (i = 1..p). Variance
of each principal componeRC (i = 1..p) is represented by relativ@-eigenvalue

/i(/ 10 .0 ./.p).(li&edto follow the decreasing variance criteri§eigenvalues

arecommonly displayed with correspondent number lalw#lthe relative component,
obtaining a line segment plftscreeplot). In casep variables differ from each other in
their order of magnitudethey need to be analysed in terms of normalised deviation
from average (or rather, considering the correlation ma&rixstead ofS). This is
actually the case of the examined syntactic dataset whose variables differ in their

numerical values and order of magnitude

In order to achieve the main goal of variable reduction, the numbecomponentss
reduced to a smaller valkgk<<p). The numbek of meaningful principal components

PG (i = 1..K) basically depends on the amount of original variance explained by each
PC (i = 1.k. The selection of k value is carried out selecting

PG (i = 1..k) able to represent a reasonable percentage variance of the ofigmelip
database. According to the relevant literature, this selection can be done on the basis of
distinct criteria (O'Rourke, 2013; Zani and Cerioli, 200Y)the cumulative variance
explained byall selected?G (i= 1...K represents at least a percentage e 5% of the

total variance of the original databagg;the set ofPC (i= 1...K accounts for at least
95% of variance of each initiglvariable;iii) in reference to the sa ofp standardised
variables, the set d?G (i= 1...K can be assumed as corresponding to the principal

components whosé ; (i= 1...K eigenvalues values are greater than one. This criterion

is based on considering just components able to reproduce a variance higher than the
variance of each single original variable (the latter having variance equal to one as
standardised variable)y) based on the scree pldt,can be defined equal to the
component number at which the line graph shows a significant change invahoge|s
representative of a low variance explained by the folloviR@y(i= k+1...p) principal

component¢Zani and Cerioli, 2007).
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As an outcome of thiselection of componenta newk-dimensional space is obtained:

the set oh original elements can be represented with Rewmordinates calledstores.

On the basis ok value, the originalr( x p dataset can be graphically displayed in the
PG (i= 1...K space. The representation of score values in thekrdimensional space

of principal component is calledsCore plot. Axes of this graph have no physical
meaning, buthey represerthe selecté component®C (i= 1...K. The latter constitute

the directions along which the maximum variation of data values is registered.
Therefore, besides reducing dataset dimensions by defining and selecting significant
new variablesPCAalso allows to graphadly represent complex and large dataset in a

new variable space, the latter having a limited number of dimensions.

Both numerical and graphical results of the whole procedure have to be interpreted to
deduce information about the studied variables aredpttenomena they account for.
Firstly, the meaning of principal components can be defined according to their
relationship with each one of the initial variables they are dedinoed Considering

the mth principal componenPC-n, (m= 1... B and the relativea,, eigenvector, the

correlation coefficients betweernPC.-, and each-th variableX, the can be evaluated:

5w

i006 N

This coefficient points out to what extent eariiariable contributes to define the said
PC- . Outcomes are usually displayed in a graglorfiponent pld}. In case k 2, the

latter become a -dimensional plot, whose horizonta¢axis and verticaly-axis
respectively represent the selected compond?@s, (PC,). Coordinates of each point
within this graph correspond to the statistical correlation between the variable that point
represents and theprincipal component the axis stands for. The graph shows as many
points as the original variables are processétbrrelation coefficients can vary from

-1.0 to +1.0, by definition. A oneadius circumferencean also be represented
("correlation circle"): the more a point (i.e. a variable) is close to the circle, the better
that variable is properly modeled dlugh the selecteBC (i= 1...K. Moreover, linking

each point to the axis origih; (i= 1...p vectors can be obtained. Given a certgi(i=

1...p, the greater is its projection on a axis, the more the correspondent variable

contributes to define the component that the considered axis represents.

-68-



Direction of h; (i= 1...p vectors accounts for direct or inverse correlation between
relative variabdés and components. In this way, the relationship between the principal

components and original variables is dedu@ahi and Cerioli, 2007

As regards the interpretation BICA results, significant information can be obtained
relating the scorplot andthe component plot: points located near the axis origin in the
score plot own values of gllvariables similar to relative variable averages; points with

an high value of a certain scorer rather, an high coordinate value in the score-plot
account forelements with an high value of that relative component (or rather, higher
than average value of the original variables that component represents); points along the
direction of a giverh; (i= 1...p vector correspontb elements with higher than average

values of the variables referred to the daii= 1...p vector.

In order to describe hoRCA can be applied for the purpose of deeply analyse different
urban configuratios some considerations are needed to highlight the analytical
structure of configurational measures. Following the general overview, indexes referred
to each urban grid can be organised to obtaiX &m x P matrix havingn rows, as the
number of lines oéach map, and columns, as the number of measured configurational
indexes. Depending on map extent and number of indexemd p values can
considerably vary. However, being a matrix of numerical and statistical related values,
X (n x p can be processettirough PCA aiming at reducing its dimensionality and
highlighting indexes features. As a redafA allows to examine the available indexes
together, globally interpreting them all at once. It follows a facilitated overall analysis
of each map, providg a global framework of gridmain features. This method to
summarise and interpret urban features through a comprehensive approach becomes
even more useful when applied to different datasets. @& outcomes are not
influenced by the dimension of the pessed dataset, they can be compared for distinct
datasets to obtain a valid comparative analysis. Therefore, applyiRfheethod to

urban configurations, relative results enatdemake a comparison between different
urban grids. Provided outcomes are independetite specific structure and size of the
map they are referretb. This allows to conclude that comparison betw@&sDA
outcomesdeduced processing data refdrite different maps addresses the need for a
global and objective match between different configurataetermined by flood event

occurrence.
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The described statisticalpproachto better understand urban features can be further
developed providing an easiinterpretation ofPCA outcomes. Score plgtsndeed,
constitute a representation of a large dataset in thesgade ok selected significant
components. Coordinates of each point of the score plot represent the value of relative
principal component. fle interpretation of score plots can be facilitated by grouping
points of the graph on the basis of similarities amongldfter. In this way, the
advantage ofPCA of summarising large sets of variables in a lower number of
components can be combinedh the possibility to individuate characteristic groups of
elements. This further data processing pesitateasily point out dataseharacteristics,

or rather spagsproperty that each value represents. Reminding that coordinates of each
point are remsentative ofPC (i= 1..K) (which, in turn, stand for a wider set of
configurational measured variabjeproximity between points in the score plot means
similarity in the relative score values. Based on the meaning of each point in reference
to configuational measures, this circumstance is representative of commonalities
between urban characteristics that scores and components repfesedifinition of
clusters of points, as a further processing phas®@A outcomes, allows both to
summarise the pperty represented by the processed variables and to individuate
meaningful groups of elements. Therefore, scores results to be analysed and suitable
criteria to defingpointsproximity in the graph stand for appropriate method to point out

spaces which stre $milar syntactic features.

As an exploratory technique, cluster analysiSA") aims exactly at this goal (Tryon,
1939): given a certain dataset of eleme8, method permits to merge elements in
groups. Each cluster contains elements simaliamong each other, and sufficiently
different from elements of other grougSA procedure can be outlined starting from
describing some preliminary choicesededo operatively set the method. As a basic
step, variables to be processed have to be selected, according to the specific field and
purpose of the analysi&rouping elements requires to evaluate distances between units,
the latter considered in pairs. [dstes between all pairs of elements can be collected in
a distance matri® (n x n. Once distances are known, groups can be defined through
different iterative procedures) a topdown approach, if the whole original set of
elements is divided into a nio@ar ofg groups, being fixed a priori (‘hon-hierarchical

analysis, "NHCA"); ii) a bottomup approach, in casat the first step of the methoas
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many groups as the number of analysed elements are assumed, progressively merging
the latter -during the bllowing steps up to include all them in a single group
("hierarchical analysi%, "HCA"). Northierarchical analysis is mainly based on iterative
algorithms to satisfy a given objective function, so as to achieve a suitable internal
cohesion of each grou@.g.: minimising the deviance between groups or minimising
the distance between each point and the centroid of the group that point belongs to)
(Hizir, 2003; Zani and Cerioli, 2007). Focusing on hierarchical agglomerative methods,
the number of groups ot known. There are various criteria in the literature to define
distance between groups to be progressively combined as to complete the clustering
procedure (Zani and Cerioli, 2007; Everitt, 2011; O'Rourke, 2M8&Mining x andy

two elements included in two different groups, respectively na@edand C,
(containingn; andn, elements), main linkage methods define distance between groups

on the basis of distinct specific values:

A Single Linkage (ortiearestneighbor techniqug:
Q6nNé I EQad oM 6N 6
A Complete Linkage (orflirthestneighbor techniqu:
Q6 N6 I A@aofty N 6 N 6
A Average Linkage:

P

Q06 N6 — Qo N 6N 6
° o

A Centroid Linkage (orunweighted pakgroup method using the centroid
approachi, UPGMC), the distance between two groupsand C; is
assumed equal to the distance between relative censromizde :

Q6 No Qefhe e NOpe NG

A Median Linkage (or Weighted pairgroup methodusing the centroid
approach, WPGMQ, the distance between two grou@s and C, is
considered as the distance between relare@pscentroids Unlike the
centroid linkage,according to median linkage methamntroids of
merged groups are weighted tleduce the centroid of the resulting

cluster.
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A Method of Ward, based on merging clusters by minimising the total
variance within the clusters. It is operatively applied evaluating the
euclidean distance between centroids of each pair of groups:

€ €

Q8 NS :
r] €

i o &£ o N 6rf N O

According to the how distance between clusters is defined, relative closest groups are
progressively merged following the agglomerative algorithm. Hatktage distance
determines different groupings, and edctkage method has its own limitation in
detecting groups (Hizir, 2003; Zani and Cerioli, 2007; Everitt, 2011; O'Rourke, 2013).
Whatever type of distance is assumed, outcomes of the iterative processuahigal
classification can be represented using a tree diagrdemdtogrami). The horizontal

x-axis of this graph usually displays labels of single units; the veytiaals represents

the distance at which units are merged to create groups andrningroups are
progressively merged according to the agglomerative approach. Dendsogliamto
visualize the entire process reporting groupings-btegtep: each vertical line of the
diagram stands for a cluster, each horizontal line corresponds tlisthace at which
clusters arenerged Interpretation of the dendrogram can be used to define the number
of significant clusters: differentclitting point will provide different partitions. A
criterion to properly define the clgvel can be basesh avoiding to separate elements
similar to each other, or rather, cutting the tree plot in correspondence of a small
y-distance among groups. Clustering stability can be investigated to assess the
robustness of the grouping solution mainlyrough measures representative of
comparisons between different possible clusterings (Fowlkes and Mallows, 1983; Zani
and Cerioli, 2007).

Implementing Ferarchical cluster analysias a further processing phase BCA
outcomes,each point of a given score pl@ includedin a suitably defined group,
according to similarities between units of the processed dataset. Once set the method of
aggregationand the criterion to individuate the appropriate number of partitions, two
more measures can be considered to assess and validate the consistency of obtained
clustering solutions: the silhouette value (Rousseeuw, 1987) and the cophenetic

correlation coefficient (Sokal and Ronhlf, 1962).
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The minimum average dissimilaribfi) betwe@& each elementof a given clusteA and

all elements of any other clust@r(C | YAcan be compared to the dissimilaraifj) from

i to all other units of the same grodp Dissimilarities correspond to the distance
between any pair of elements, suchEaglidean distance. Silhouette valsi@ can be
obtained comparing how far igrom all elements of its cluster to how far is the nearest
(distinct) group:

I A@aWwQ

This measure can vary betwednand +1 (the more the valuedkse to 1, the more

i Q

properly the elements are grouped) and it is representative of how properly a point is
included in the cluster it belongs to (Rousseeuw, 1B8Zore Team, 2034An overall
weighted silhouette value can be also obtained, assuminguthber of elements of

each group as a weight. Silhouette value just depends on the partition and not on the
specific applied clustering algorithm the groups were deduced from.

The cophenetic correlation coefficienCCC") (Sokal and Rohlf, 1962; Saracl al.,

2013 R Core Team, 2024s a measure of how well a dendrogréivi represents the
distance between pairs of elements of the origirddtaset®w . Considering two
elementd andj of a set of values® , the Euclidean distange™@Q & & can

be compared to the dendrogrammatic distan@# between two model point¥and

“Y. The height of the dendrogram node at whigland”Y are first joined together
graphically represents ‘@Q. Defining aithe average value of thi "@Q and dfthe
average value of thie '@, CCC constitutes the linear correlation coefficient between
original distances between data elements and distances between units after the partitions
(i.e. eachunit beingincluded ina group:

. w B o@Q o 0'@Q o
00O

B o@WQ of B o00Q o
As a correlation coefficienCCC valuecan vary betweerl and +1,CCCvalues close
to 1 account for an accurate hierarchical clustering solution of observed data.
Reminding that each element of a cluster is deddo®md a set of ASA measures,
partitions of each score plot can be also interpreted according to the spatial meaning of

the points, analysing the spatial distribution of obtained clusters within ret&tyreent

maps
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Robustness diCA/CA outcomes can be further analysdslowith regard to the chosen
linkage method. All linkage metho@sebased on properly merging single elements to
create partitionsHowever, they consider different distances betwgreups to merge.
Therefore, the choice of linkage influences the clustering process and the resulting
classification. A comparison between groupings obtained from diverse linkage distances
can lead to evaluate the influence of the clustering algorithreoddfinition of groups.
Givenn values and two different hierarchical clusterigsandA,, for each numbek

(k= 2,..., n1) of clusters the matching mati= [m;] includes the number of common
objects between the cluster(i= 1...K of A; and the alsterj (j= 1...K of A,. The
similarity measurdy proposed by Fowlkes and Mallows (1983) constitutes a numerical

value representative of the degree of similarity between two hierarchical clusterings:
Y

0] —

v

CA

o~
©]

o™

a5 a

Matching common units between clusters of different partitions, the higher is the
number of pairs of elements included in the same cluster b@thand inA,, themore

Bk value is close to 1fIBx = 1, there is a complete correspondence between the said
clusters. AlternativelyBy is zero if all elements belong to diverse clusters of the two
considered partition®\; and A,. Hierarchical clusterings to be compared camive

from data referred to diverse data sources, from different algorithms or distinct linkage
methods.Each Bx value can be further detailed in regard of the relative confidence
interval ("CI"). The latter represents an estimated range of values whibkkely to
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contain (with a defined probability) the true valueagfarameter (Erto, 2008pr rather

Bk in this specific data procesgin Even if B values can be obtained for each dataset
(i.e. each distance matrix relative to each one of the considered linkage methods) and
for a relative defined numbdrof meaningful clusterd3, probability distribution is not
known. The bootstrappingrocedure (Eon, 1979) caraddress the individuation &
probability distributionGiven avariableX and| independent observationg(X,..., X),

the bootstrap algorithm constitgtea statistical method to estimate the unknown
probability distributionF of an estimatod. By generatindN samples, the bootstrapping
allows to obtain the probability distribution of the unknown parantétbfore in detalil,

a numbem of I-dimensional samplesi{botstrap sampléy are generated by randomly
re-sampling with eplacement from the originak x,..., ) observations. For each
bootstrap sample, a correspondent valgan be calculated. The whole set of estimated
—(= 1...N) values provides an empirical distribution @f("bootstrap distributiol)
which, in caseN is a very large value, can be assumed as a good approximation of the
sampling distributionOn this basis, the similarity measiBgcan be considered as an
estimator whose probability distribution has to be evaluated. Givelngers, each
comparison between linkage methods provides a valug.oResampling from the
original sample to whicB is referred, performing a bootstrap methBgh,(Bxo, ..., Bn)
values are obtained deriving the probability distributiorBpfThis allows to evaluate
main summary statistiand, notably, confidence intervals. Therefdgyalues permit

to match linkage methods to assess similarity between thesnderto evaluate the
influence of the adopted methodological decision of the clugtealgorithm on the
general resultsSubsequently implementing l@otstrappingalgorithm, the numerical

stability of B values idurther examind.

Once thePCAandHAC are carried out, the processed dataset easla set of similar

groups of elements, each one owning distinctive features. In reference to configurational
measures, each cluster represents a certain class of urban spaces characterised by
specific similar features. This outcome is particularly remvabserving thatHAC
outcomes are deduced froPCA Therefore, clusters are representative of spatial
similarities outlined globally consideringll available syntactic indexes, in respect of

the whole urban grid. On the basisREEAandHAC results, comarison among clusters

permits a synoptic frame ofusterssimilarities and differences between different maps.
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In case the latter are referred to distinct urban configurations related to a flood event
impacting the grid, the entire statistid”CA/ HAC procedure permits to compare pre
and post event scenarios or, also, different roiees amongst thenCorrespondence
between elements of processed datasets and segmeeltsioE syntactic maps allows

to spatially represent the results ®CA and HCA This matching between analytical

and spatial elemenfgermitsto interpret the whole statistichhsed processing phase in
reference to spatial features (representgdth® original p variables), in order to
individuate occurred changes and variations after event occurréndellows a
comprehensive and objective overviewgoid's variations and changes determined, in

the specific case, by the flood.

2.3 Urban resilience, flood risk and urban planning

The conceptualand operative definitions afrbanresilience can bé&urther completed

outlining possible applicatiaof theproposedssessmemhethodology

Assumingthe configurational theory to perform spatial analysationships between
urban spaces are a kelement to evaluate syntactic centralities and related urban
phenomena. Thereforghe configurational approach allows to investigateysical
perturbatios determired by floods in reference to their impact on urban functions
Configurational propertiesnainly described bgyntacticindexes basically constitute

the input datdo apply the proposed resilience midtage assessment methodology.

Each structural or nestructural action (or rather, respectively, actions which directly
modify urban spatial layout, or modify urban characteristics even not affecting the
spatial pattern obpenspaces) can modify accessibility pattern and syntacticeptiep

as a consequenceain components of urban resilience can be affectedlterefore,

an appropriate analysis afban developmenneasures igssential to understand how
the said measures can potentially impact resilience components in tesatseaients
response to flood emergencigscovey and ability to adapt itself toflood-induced

perturbations.

Being resiliencealsorelated to river features (in terms of river resistance), actions on

the river system can affect resilientéeo. Flood protection measures or deben
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measures (e.g.: dikes, defenealls, detention basins) are aimed at reducing or limiting
flood risk in a given area (i.e. reducing the hazard, as the probability of occurrence of
flood events). Actuallythese measuresan modify the pattern of accessible areas and
relative location, as well as extent and location of areas at risk. The new induced spatial
distribution of configurational centralities can be examined in reference to the

configurationalbased resilience afie system changes.

Moreover, he connection between resilience and urban layout represents an opportunity
to develop resilience itself. According to the configurational approach, indeed, affected
urban structures are globally examined, a whole. In fagtthis aspectcoherently
reflects the fact that urban settlements experience calamitous events in their entire
scheme, not just limited to directly affected zones. The relationship between grid
properties and urban resilience provides the possibility tsider modifications of

urban layoutin its entire layoutas part of a resiliene®cused disaster management.
Modifying urban grid, spatial pattern of centralities consequently changes; as a result,
elements of resilience process can vary too. Therefore, urban design measures can be
aimed & improving resiliencegven if they regareon floodable zones (e.g. aiming at
reducing network vulnerability, or facilitating an appropriate development of new
centralities during thpostevent phase).

Thescenario approach based on whichritethodology is structurgaermits toanalyse
different urban configurations in reference to flood occurrence, namely pre and
postflooding configurations. Real or designed conditions (i.e.: actual urban structure, as
well asa past or a future uam conditions) can be considered as starting status of the
procedure. In fact,azhoneof the describedvariatiors on urban grids can be assumed
ascorresponding to aewmodifiedurban configurationThe latter can be considered as
new 'starting-scenaria’ in respect of a flood event: implementing the methodology,
the correspondentulnerability to floods andhew correspondenpostevent condition

are obtainedFurtherscenarios can bdefinedassuming various potential calamitous
conditions (e.g.: varyig event magnitude, probability of occurrence of hazards or the
return period of flood discharge). Implementing tBeenario approach, relative
outcomes outlineverall changes ofirban resilienceA significant understanding of

resilience abilitys deducedor eachexaminedaction on the grid
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Considering uban morphology, land uses, localisation of main urban functions, level of
urbanisation and demographic featuresgyether with syntactic featuresesilienceis
analysed both based ongrid properties and taking into accounturther urban
characteristicsThe formerare intrinsically related to the urbaretwork the latter

contribute tareinforce and complete information dedudesin syntactic analysis.

Therefore, the methodology represents a tool to evaluate the general level of urban
resilience on varying of elements within the urban systéhe possibility to model

future urban conditions, analysing relative resilience degree, considerably costigbute
apply resilience in urban planning proceGsice defined actions aimed at achieving a
better system reaction in case of hazard, they can be examined to evaluate relative
conseqguences on urban resilience degbegcomes of the procedure can also suggest
appropriate interventia to ensure an adequate overall ability to resiliently cope with
flood event. Information about the location of configurational centralities in the post
event configurationindeedcan be critically interpreted, examining how newe areas

can suitably assume their new functional role. In the context of urban planning, the new
pattern of centralities can be interpreted as a basis to individuate which areas need
interventions, in order to appropriately accommodate new movemest ratbetter
adaptability is then derived, improving resilientea view of resilienceriented flood
management, theseformationcan be useful to enhance the system reaggioen that

the derived knowledge can help in defining risk management nesaand evaluating
relative efficacy. Therefore, the procedure allows to defirAgefore flood events

occurrenceactions to built" resilience.

Actually urban areas mainly imply to adopt a strategic thinking of city systems as
evolving entities. In fact, lan systems are continuously evolvbah in their physical

and sociedemographic structuresunder social, economic and political pressures
Thereforeresilience thinking fits governance of urban environments)arwide context

of urban planningpther thardisaster risk management strategies. This dynamism gives

to risk management strategies a degree of uncertainty, as they could consider and be
referred to conditions already changed. A proper monitoring phase can address this
circumstancein order to make the flood management process able to respond

to urban developmén Again, the scenario approach and the mutual

connections between components wban resilience permit to matcbcenarios
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representative of different moment in tinpgoviding a temporal trenaf resilience In
this view, the analytical potential of the methodology to compare different structures
can be exploited as a possibilitydohieve updated information about resilierazewell

as its diachronic evolution as a result of urban development.

Syntactic meaning of configurational indexaasically relates ttluman perceptionf
space and human movement. Therefore, knowledgsywotfactic centralities after a
flood, or rather during the emergency phadiws the further possibility of suitably

definefacilities locationgbased on how people perceive and navigate urban spaces

Importance of relating water management, disastér aisd urban planning can be
easily deduced in the general context of finding a balance between a responsible use of
natural resourceand increasing urbanisation. Integrating these fibldlsomes even
more significant for urban environmentscated nextd rivers both to assess actual
conditions and to consideevolving conditions related tarban development or

planning measures.
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3
Application of the methodology

3.1 Implementation of the methodology to case studies

The proposedmethodologyto assess urban resilience to flooadopts a system
approach to analyse urban structures through differagessof analysis Syntacticand
morphological urban features, as wellcasfigurational andtatisticalanalysis methods

and toolscontribute to implement the described assessapgrbach.

According to the methodology, a first preliminary analysis of urban structfres
settlements located next to rivgrsrmits to characteriagbansystens aspotentially at

risk. Outcomes of this phase provide an overview of the several aspects that can be
assumed representative of the influence of rivers on the urban environment. Being this
stage of analysis representative of-pvent conditons, the whole urban layout is
examined in its actual configuratiofiScenario 0). Examining ASA configurational
features in reference towatercourses locationthis stage aenstitutes a specific

applicationof the configurationalheoryto investigde river-cities structures

A second stage of the methodologyasused oranalysingareas at risk to be flooded
("AAR') to evaluate vulnerabilityof the urban networko flood events Quantitative
measures fo vulnerability are obtainedprogressively examiring morphological,
syntactic and demographic featutbsough amulti-stepprocedure $TEP Q STEP 1;
STEP 2; STEP )3 As an outcome of this stage, theetworkbased vulnerability
("Vaw'") Is obtained Network at risk is characterised both in regard to land use pattern
andpercentage of people directly at risk to be affected by a flood.event

The third phase of analysis aims at describing the urban configuration once the event
has occurredand howthe city structure changes in respect of its relative normal
configuration. Analysis of posgvent configurationrad a suitable comparison with the
pre-event conditions pernstto investigatehow the event affects the system, or rather
how the latter adapt i to flood-induced variationPerturbatiors induced bymajor
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evens -either they are intended as impacts or chamgely to examine the threaten
system in terms of the structure it assumes once the event has occurred. In reference to
floods, once known the type of flood and the main characteristics of the event, the
definition of a certain occurrencprobability permits to defineareas potentially
affected.Superimposing flood plain aream the actual urban configuration, areas at

risk are delimited At the same time, remaining parts of the urban system can be
assumed as representative of that part of the system which is not directly affected by the
event Postevent configuration Gcenario 1), consisting of non flooded zones,
constitutes the analysis system at this stage of the proposed procedomgparison
betweenScenari® andScenarid is carried out through statisticahsed analyses.

Following theoutlined stage, an application ofiie methodologys described in this
section, in refrence tothree river-cities chosen as representative case studies:
Alessandria (IT); Pisa (IT); Torino (IT)Fig. 3.1- Fig. 3.3) Even being all located
nearby rivers, or crossed by watercourses, these case studies constitute an adequately
internally diversified set of rivecities: historical evolution of settlements, location of
urbanised areas, built form layout, pattern of laisés, number and location of river
crossings, are just some of the aspects they diffefOoyths basis, their selection
allows to apply the methodologp investigate different urban structgralso testing

the validity of the procedurm referene to different urban layouts€Each study area is
chosen so as to entirely include the whole relative metropolitan(rob@ist assuming
administrative boundarieshh order to suitably investigate each single urban structure,
all the study systes are delimited according to the extent of the built environment as
well as physial and morphological boundarieStarting from the derived spatli
models obtained selecting all open and accessible spaces within each study area,
Angular Segment Analysis applied.Angular configurational indexes of integration
and choice are evaluated for different radi=@00m, R= 800m, R= 1200m, R 1600m,

R= 2000m) for all case studies (see APPENDIX ASubsequently, the muistep
methodolgy is carried out tanvestigate level of resilience to flood even&ome
operativeaspects are assumed for all case stugdieyntactic coreare defined as 10%

of highest values of each considered indiex frequency distributions are defined
assumingl00 intervals for all exmined parameters and measurii¥;all information

related to land use are deduced frQ®RINE (Coordination of Information on the
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Environment)land coverdatabase of the European Ewviment Agency (latest 2012
update CORINE2012', www.eea.europa.g@uiv) all available linkage methadare
implemented (see APPENDIX B); howevéne average linkage is assumeddadine
solution partitions and relativelCA clusters v) PCA/HAC outcanmes are validated
considering thailhouette valuethe cophenetic correlation coefficient atite similarity
measurebetween partitionBy. In the following sections, the description of each
analysedconfiguration is completed correspondeatues of By referred to comparison
between partitiom respectivelyobtained withthe average linkageand with other
available linkage method®artitions aramutually comparedhroughrelative B¢ values
(see APPENDIX C) vi) 95% confidence interval("Clgsy) are providedfor all By
values (see APPENDIX @ Clgse,values aralerivedapplying the bootstrap method to

all B¢ setting in allcases 1000 bootstrap samples

Figure3.1: Alessandria Study area boundary
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Figure3.3: Torino- Study area boundary
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x Alessandria

The study area itated in the nortivest part of Italy It covers abou29.0km? with a

mixed land uses pattern. The area is crossed by Tanaro river, whose total basin extent
reaches around 808@n” (Autorita di Bacino del fiume Po, 2006Jhe river divides the

study area in twasubareas(Fig. 3.4)differing from each other with referente their

extents as well as land us@de first one'(A;") is located in the southern part of the
system with a total area of abou?1.6 km? almost equally composed of artificial
surfaces (53.8% of;) and agricultural areas (46.2% Af). Territory of the second
subsystem("Ay") is significantly smaller thai;, having a total area @&.,") of about

6.6 km?® largely covered by agriculturaones(72.8% of Ay)°. Looking at land uses
pattern, it can be clearly deduced that urban areas areynomsttentrated in the

soutlern riverbank.

Figure3.4: Alessandria Study area boundary and subsystems
(green area: A yellow: Ay, blue: river)

In the same part ahe study systemhé uban grid presents a structured orthogonal
layout, which almost completely contains balobal (R= n) andlocal (R= 400m)
integration coregFig. 3.5, Fig.3.6) Global choice coras spatially distributed within
the grid reflecting the connectionbetween points of the grithat choice index
representgFig. 3.7) The only bridge that connects the two river baiskimcluded inb

the global choice core, as an important link to overcome the riveringpifiye urban

system.

® All percentages of land uses atetained from théatest2012update" CORINE20120f CORINE land
cover inventory.
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Figure3.7: Alessandria Global Choice core
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Synergy measur€'S'), or ratherthe statistical correlation between global and local
integration, results to be not particularlgtrong (S= 0.54). However, this outcome
allows to retain thatthere is a certain connection between global and local

configurational structuregven not being noticeabhygh.

Considering &00-years flood even areas at risk to be floodedAAR') largely covers
the northern part of thetudy system(Fig. 3.8) (Autorita di Bacino fiume P01999)
("STEP 0). Extent of AAR constitutesa pecentage of 43.7% of the total study area

extent.

Figure3.8: Alessandria Area at risk
(yellow: 500year floodplain; orangeppen spaces constituting the urban grid)

Segmert of network wthin AAR constitute gercentage of 35.2% of thetal lengthof
the whole segment mafuperimposingnain syntacticcoreson AAR areas ofcores at
risk to be floodedcan bededucedto be analysedboth graphically and numerically
("STEP 1). Even being the cores mostly located out#iéd& thematic maps of cores at

risk (Fig.3.9- Fig. 3.1) still show a significant part of cores at risk.
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Figure3.9: Alessandria Global integration Figure3.10: Alessandria Local integration
core at risk (black: segment map, red: global core at risk (black: segment map, red: local
integration core (R n), blue: area at risk) integration core (R 400m), blue: area at risk)

Figure3.11: Alessandria Global choice core at risk
(black: segment map, red: global integration corexR), blue: area at risk)

Frequency distributionsf analysedndexescan be deducefbr the whole system and
the floodable parts. Ireference taylobal integration and choigedexes correspondent
frequency curveof areas exposed to riskasically reflect the trends of relative

frequency curve ahe whole systerfFig. 3.12- Fig. 3.14).
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This outcome shosvthat elements exposed to risk adéestributed within the whole

range of values of each index, globally affecting all system configurational functions.

Focusing on syntactic corefr rather, 10% of highest valuesf each indek
susceptibility indicators can be obtainedhoite core results the most "susceptible”
being exposed to theonsidered flood event.ower -but still significant valuesare
obtained for global and local integration corat risk (Is int. & n), 10% = 0.17;
Is,int (R=200m), 10%= 0.23 I, choice (& n), 10% = 0.30. In reference to the wideange of 30%
of highest indexes valueglobal integration susceptibility indicatatoes notvary
(Is, int. (Ren), 30% = 0.17). Choice core at risk increases, thoice (r n), 30% = 0.37) andlocal
integration coresharply increases up to nearly double the correspondenirdiigée

value(ls, int. (r 400m), 10%6= 0.37).
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Figure3.12: Alessandria Frequency distribution curve of global integration index values=(®
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Figure3.13: Alessandria Frequency distribution curve of local integration index vas (R-400m)
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Figure3.14: Alessandria Frequency distribution curve of global choice index values (R
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Overlapping areas at risk, main syntactic cores and land use pétesad on
CORINE2012 land cover inventory) a detailed specification of elements of
vulnerability is provided"STEP 2). Nine different land uséypes are individuated
Main coresat risk Vnw1 = 1.3%6; Viwz= 1.4%; Vaws= 2.8%) aremostly locatedwithin
urbanised areas ammbmmercial zoas (Fig. 3.15 - Fig. 3.19, Table 3.}. The elevant
percentage of integration core at risgrrespond tourbanised areashe hgh relative
percentage of choice core at riskdsherentwith high susceptibility indicators for
choice index.This outcomeallows to point out thaflood consequencesould be
potentially ®vere, being cores at risk mainly located within continuousand
discontinuous urban fabrias well asindustrial districts. In the antext of physical
vulnerability assessment, these three land use categories can be assumed as the most
vulneralte elements The latter are likely to constitute the most urbanised areas,
increasing the vulnerability level as reggréople at risk to be affected by the event.
Elaborating ISTAT data (ISTAT, 2015)nhabitants at rislconstitute26.3% of total
population and, together wittheé total value of all cores at risk/ f, = 5.5% ),
completeghe vulnerability assessmefiSTEP 3). Outcomes show a&ignificant level

of urban vulerability, both based on gri@atures and potential damages, and human
risk (Fig. 3.20.

Legend
CoRiNe2012

M
12 [
121

| 122

Figure3.15: Alessandria Land use (111: Continuous urbdabric; 112: Discontinuous urban fabric;

121: Industrial or commercial units; 122: Road and rail networks and associated land; 141: Green

urban areas; 211: Noirrigated arable land; 221: Vineyards; 242: Complex cultivation; 511: Water
courses) CORINED12)
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Segments at risk 35,2%
49,2%  (0.6%of tot.) Continuousurban fabric
47%  (0.1%of tot.) Discontinuous urbanfabric
46,1%  (0.6%of tot.) Industrial or commercial units
Globalintegration 0,0%  (0.0%of tot.) Road and rail networks and associated land
core 17,3% 0,0%  (0.0%0ftot.) Greenurbanareas
atrisk (1,3%of tot.) 0,0%  (0.0%oftot.) Non-irrigated arable land
0,0%  (0.0%oftot.) Vineyards
0,0%  (0.0%oftot.) Complex cultivation
0,0%  (0.0%of tot.) Water courses
1% (1.1%oftot.) Continuousurban fabric
10,0%  (0.1%of tot.) Discontinuous urbanfabric
13.0%  (0.2%of tot.) Industrial or commercial units
Local integration 0,0%  (0.0%of tot.) Road and rail networks and assaciated land
core 23,1% 00%  (0.0%of tot.) Greenurbanareas
at risk (2,4% of tot.) 00%  (0.0%of tot.) Non-irrigated arable land
0,0%  (0.0%of tot.) Vineyards
00%  (0.0%0f tot.) Complex cultivation
0,0%  (0.0%oftot.) Water courses
39,4% (1.1%oftot.) Continuousurban fahric
38,5%  (1.1%of tot.) Discontinuous urbanfabric
194%  (0.6%of tot.) Industrial or commercial units
Global choice 00%  (0.0%oftot.) Road and rail networks and assaciated land
core 30,3% 0,0% (0.0% of tot.) Greenurbanareas
at risk (2,8%0f tot.) 0.0%  (0.0%of tot.) Non-irrigated arable land
0,0% (0.0%of tot.) Vineyards
0.0%  (0.0%of tot.) Complex cultivation
2,7%  (0.1%of tot.) Water courses

Table 3.1: Alessandria Percentages ofhetwork andsyntacticcoresat risk for each land use
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Continuous urban fabric
1.2%

Discontinuous urban
fabric

Industrial or commercial
units

Road and rail networks
and associated land
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land

Global Integration Core (R=r =] ocal Integration Core (R=400r
Global Choice Core (R=I

Figure3.16: Alessandria Percentages of syntacticores at risk for each land use

Global Integration Core (R=n

Continuous urban fabric

1.2% Discontinuous urban
Water courses-1:0% i
0.80 fabric

Industrial or commercial
units

Road and rail networks
and associated land

land

Global Integration Core (R=r

Figure3.17: Alessandria Percentages of global integration core at risk5R) for each land use
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Local Integration Core (R=400n

Continuous urban fabric
0,

Discontinuous urban
fabric

Industrial or commercial

’ units
Road and rail networks

and associated land

land

==| ocal Integration Core (R=400r

Figure3.18: Alessandria Percentages of local integration core at risks{RO0Om) for each land use

Global Choice Core (R=r

Continuous urban fabric
9 0

Discontinuous urban
fabric

Industrial or commercial

' units
Road and rail networks
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land

Global Choice Core (R=I

Figure3.19: Alessandria Percentages of global choice core at risk=(ly for each land use
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Alessandria
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Figure3.20: Alessandria Representation of vulnerability elements

The 500-years floodprone areasovera large part of the study area. T$wuthernpart
results to benot at risk to beflooded constituting he Scenariotconfiguration
Applying ASAto this nonflooded subystem, the postvent configuration is examined
(Fig. 3.21, Fig. 3.23, Fig. 3.25putcomesshowthe presence ditructured global and
local cores, evwe being these new cores smaller if compared to relative
Scenari®-configuration coregFig. 3.22, Fig. 3.24, Fig. 3.267All examined indexes
are changed in their values and spatial distributiorreference taylobal integration,
new areasassumea central role becoming part ahe relative postevent global
integration corglocal integration core and global choice core result modified due to the

lack of same parts if comparedScenarioCcorrespondent cores
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Figure3.21: Alessandria Scenariol, global Figure3.22: Alessandria Scenaric
integration core (R n) (black: segment map; (black:segment map; red: global integration
red: global integration core (Rn); grey: core (R=n); blue: area at risk)
segments within flooded areas)

Figure3.23: Alessandria Scenario 1local Figure3.24: Alessandria Scenaricd
integration core (R 400m) (black: segment (black: segment map; red: local integration
map; red: locaintegration (R=400m); grey: core (R400), blue: area at risk)

segments within flooded areas)
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Figure3.25: Alessandria Scenario 1global Figure3.26: Alessandria Scenaricd

choicecore (Rn) (black: segment map, red: (black: segment map, blue: area at risk; red:

global choice (Rn); grey: segments within global choice core (Rn)

flooded areas

Analysing normalised global R n) integration for the twoScenarios relative
frequencydistributions show two almost overlapping curves, meaning an overall similar
patern of integration. Normalisedlobal integration andchoice (R= n) present a
decrease inScenariol if compared to correspondent fummcy distribution of
Scenario0 However,the two frequency distribution curveiowa similar distribution

of valuesacrossall the considered 1G@tervals(Fig. 3.27, Fig. 3.28)

Naln (R=n)

150 -
& 100 -
C
(O]
>
O
o
L 50 -

0 T T T T T T T T T T B 1
0 10 20 30 40 50 60 70 80 90 100
Class
Scenario 0 Scenario 1

Figure3.27: Alessandria Comparison betweerScenaridd and Scenariol
frequency distribution curve of normalised global integration values
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Figure3.28: Alessandria Comparison betweerscaario 0 and Scenariol
frequency distribution curve of normalised global integration value

In order to achieve a global comparison betwé&senarioOand Scenariol the
correspondent two configurations are anedlyson the basis oPCA outcomes
Processing syntactic dataset respectivel\StmenarioCandScenariolin both cases two
principal component are select®IC,, PC,) as able to accurately reproduce the original
dataset, according to all criteria of selection of meaningful comporsesChap.2,
Par. 2.2.3)

-

A Scenario 0- Three groups can be pointed out to highlight main featir¢he
grid (Fig. 3.30) A first large set of elements with value similar to mean values
of all variablescan be pointed oufFig. 330, black points; Fig. 3.31black
segments In addition,a significant group of points definedwith distinctive
values both of global integration and global choic&ig( 3.3Q
orange points Fig. 3.31, orange segmeptsit has to be noticed that,
even not constituting a proper separated grdbp, group ofpoints of this
second cluster having high valus of both x and y coordinats
(or rather,PC; and PC,) are also characterised bwigh value of local indexes
(Fig. 3.29) The second clustehnighlights the skeleton of the syntactic structure,
assuming a significant rolefor the movement economy Indeed,
correspondent segments that cluster accounts for lacated within

the most urbanised zone. A further cluster is made up just of
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two elemats (Fig. 330, blue points Fig. 3.31, blue segmentsimilarly to the
previous group, these units represent spaceshigth value of global choice

but theyare separately grouped having also a significant segment length. In fact,
these two elementsonstitute some of the main connecBdretween the two
river banks on which the urban system is structured

(Slhouette= 0.361;CCC= 0.694

Bk [Avg.-Singld = 0.916; Bx [Avg.-Complete¥0.710; B« [Avg.-Median]=0.748;
Bx[Avg.-Centroid]= 0.916;Bx[Avg.-Ward]=0.640)

Alessandria - Scenario 0

05 10 15
|
5

PC2
0.0
|

-0.5

Choice_R=n ®

-1.0

-1.5

1.5 -1.0 -0.5 0.0 05 1.0 1.5

PC1

Figure3.29: Alessandria Scenario
correlation circle
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Alessandria - Scenario 0

PC1

Figure3.30: Alessandria Scenario 0

scoreplot

Figure3.31: Alessandria Scenario QoutcomesPCA/HA®rocedure

(color range referred to relative score plot in Fig. 3.30)
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A Scenario 1- Four clustes that can be individuated from tliatasebf syntactic
measuregFig. 3.33) A large group of segmentsith average values of lal
consideredp variables (Fig. 3.33, black points; Fig. 3.34, black segneAts
group of elements owns particularly significant values of local indexes
(Fig. 3.33 green pointsFig. 3.34, green segmeht$his strategic role is limited
to the local scalehaving this cluster low values both of global integration and
global choice.A meaningful second set of elements repressagments with
distinguishing values of global (both integration and choice) and local indexes
(Fig. 3.33 orange pointsFig. 3.34, orange segment€orrespondently, location
of relative segmestwithin the gid shows a set of spaces where local and global
dynamics are overlapped. Few elements constitute a further group,
representative of high choice long segments, not well integ(aigd3.33 blue
points Fig. 3.34: blue segmenis
(Silhouette=0.327;CCC=0.719;

Bx[Avg.-Singld= 0.819;B«[Avg.-Complete} 0.680;B«[Avg.-Median]= 0.710;
Bx[Avg.-Centroid] 0.833;Bx [Avg.-Ward]= 0.631]).

Alessandria - Scenario 1

15

1.0

08
|

Depth_RUASHHT it _R=400m

u
Choice_R=4ﬂG|1'||n! R=d00m

FC2
0.0
|

-0.5
|

Choice_R=n B

-1.0

-1.5

-1.5 -1.0 0.5 0.0 0.5 1.0 1.5

PC1

Figure3.32: Alessandria Scenarial,
correlation circle
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Alessandria - Scenario 1

PC

Figure3.33: Alessandria Scenariol

score plot

Figure3.34: Alessandria Scenario 1outcomesPCA/HA®rocedure

(color range referred to relative score plot in Fig. 3)33
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Based on the comparison betwerncomes of this stagé follows thatbasically local
centralities emergafter theevent These posévent local cores araore clearly defined
than in the actual configuratiorSpaces with strategic global role can still be pointed out
after flooding evenconstituting a more restricted area of the gnian inScenario0 As

a result, the event gives a more specific function to some spaces, lithgingole at

the local scale and sharpening the difference between local and global roles.

X Pisa

The study area isotated in thecentralwest part of Italy coveing about24.9 km? of
mostly urbanised territory. Therea is almost centrally crossed by Arno river, one of the
major Italian rivershavinga total basin of 9118m? (http://www.adbarno.)t The river
course divides the system in two sateas respectively havingthe first one (As")- a
total area ofL70 km? and-the second one @&")- a total area o¥.0 km? (Fig. 3.35)
Both these subystemsshow a similar land uses distributidbased onrCORINE2012
landuse inventory datap large part of artificial uses (66.6%Af 72.7% ofA;) mixed

with a smaller percentage of naturally covered laB8s406 0fA;; 27.3% ofA; area).

Figure3.35: Pisa- Study area boundary and subsystems
(green area: A yellow: Ay, blue:river)
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Syntacticcores of the systenboth at global and local scalare located along orext to
the river (Fig. 3.36- Fig. 3.38) reflecting the importance of the water course in
structuring the grid anohfluencingactivitieslocated on river banksn particular, local
centralities strongly convergeext to the river. The choice core highlights a more

diffused structureonnecing different points of the network

Lastly, according to synergy valumcal and global structurdo notshow a mutual high
level of connectiong = 0.42). Given the particular physical and syntactic structure of
this rivercity, all cores (bothat global and localscalg include bridgesSome iver
crosses belong to more thane core at the same tinq@aying a particularly relevant
role in regard ofthe movementconomy process. The linking function of bridges,
indeed,can be assumed representative of the ability of the urban sisianiude the

river in itself According to the meaning of syntactic cores, in the case of the said river
crossingsthis functionis alsocombinedwith their influence as destinatisrfas well as
connectiorpaths) within the system.

Figure3.36: Pisa- Global integrationcore Figure3.37: Pisa-Local integration core
(R=n) (black: segment maped: 10% highest (R= 400m) (black: segment magped: 10%
values) highest values)
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Figure3.38: Pisa- Global choice core (R n)
(black: segment mapred: 10% highest values)

In order toevaluate network vulnerabilityAAR ("STEP 0) is definedconsidering a
100years return period evelEig. 3.39)(according tothe criteria adopted by Arno
River Basin Authority(2002),AARconstitute areas at risk to be flooded in c&®e 1 0 0
years and water level higher than 0.3Quutorita di Bacino del fiume Arno, 2002).
Arno river crossealmost centrallythe study area. éivever territorial morphology and
presence of a smaller water coursext tothe uppeiwest border of the study area
determine largéand scattered) zoneg risk to be flooded within thanalysed system.

Extent ofAARconstitutes 38% of the total study area.

Figure3.39: Pisa Area at risk
(yellow: 100year floodplain; orange: open spaces constituting teban grid)
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Shape and extent of flood prone arems well as the cores mostlycatedalong and
acrosgheriver, make the system highly expogedloods A general overview of areas
atrisk (Fig. 3.40- Fig. 3.429 allows to deducé¢hat large parts ddll cores result to bat
risk to be flooded"STEP 1I).

Figure3.40: Pisa- Global integration core at Figure3.41: Pisa- Local integration core at risk
risk (black: segment maped: global (black: segment mapred: global integration
integration core (R n); blue: area at risk) core (R=400M); blue: area at risk)

Figure3.42: Pisa. Global choice core at risk
(black: segment mapred: global integration core (Rn); blue: area at risk)
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All segmentsat risk constitutethe 33.1% of the total network lengtfocusing on the
most strategic gaces of the grid, or rather spaces that corsagmerg of coresthe
susceptibilityindicator shows that thdocal integration core is the most likely to be
affected by the events(int. (r- 400m), 10%6= 0.67). Slightly lower values are obtained for
global integration(ls, int. (rn), 10%= 0.49 and global choic€ls, choice & n), 10% = 0.33. In
reference to global integration coréngar resuls are achievedoth examining30% of
highest valuegls, int. (r=n), 306 = 0.43, confirming that most integrated areas are near the
river, even assuming a wider range of valu€saphically comparing frequency
distribution curves (Fig 343 - Fig. 3.45 of total and floodable areas within 10%
highest values ranges, their trends show that a large part of the system is exposed to
risk, especially for global and local integrati@mall differencesn respect ofelative
10% values can be noticed for Elachoice and global choicés (int. (r 400m), 306 = 0.56

s, choice (® n), 306 = 0.31). These results reveal highly vulnerable dcal structure,
confirming and substantiagy considerationsleduced from thematic maps of cores at

risk.
Global integration
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Figure3.43: Pisa- Frequency distribution curve of global integration index values=(®
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Local integration
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Figure3.44: Pisa- Frequency distribution curve of local integration indevalues (R 400m)
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Figure3.45: Pisa- Frequency distribution curve of global choice index values: (R

Large parts ofall cores arelocated within AAR Nine types of land uses can be
individuated withinthe study aredCORINE2012 (Fig. 3.49. However, all cores at
risk are almost concentrated within urban fabric and industrialcantmercial areas

(Table 3.2, Fig. 3.47 Fig. 3.50) In particular, local integration core within continuous
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urban fabricis astrong element of vulnerability, representing in large part pedestrian
movement and local activities that can be affected by the event, in addition to the
historical and artistic value of the areas that core bslamgSimilar trends are shown

by global integration core and choice coxaminingland use patteraf areas at risk,

it follows thatmost of thee coresat risk ae also located in the most urbanissah
densely inhabited part, which at the same tmaestly constitute the historical cetre of

the city ("STEP 2). The event affects all examined cores, particularly impacting the
local movement and dynamicbeing at risk more than half tife local integration core
(67.4% of the core is at riskiPercentages of coreverlagping watercourses stand for
river crossings at riskAll these observations allevo conclude that, asoncerns
configurational and morphological issues, a flood event can seriafisht Pisaurban

structure, especially regarding both the integratioreq(i.e. at global and local scale)

Legend
CoRiNe2012

| 124

i I [ ]en

| 112 | 242

121 243
122 | | 511

Figure3.46: Pisa- Land use (111: Continuous urban fabric; 112: Discontinuous urban fabric; 121:
Industrial or commercial units; 122: Road and rail networks as&bsociated land; 124: Airports; 211:
Vineyards; 242: Complex cultivation; 243: Land principally occupied by agriculture, with significant

areas of natural vegetation; 511: Water course§@QRINE012)
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Segments at risk

33.1%

51.6% (2.2%of tot.) Continuousurban fabric
42.7%  (1.8%of tot.) Discontinuous urbanfabric
0.0%  (0.0%o0f tot.) Industrial or commercial units
Global integration 0.0%  (0.0%of tot.) Road andrail networks and associated land
core 45.6% 0.0%  (0.0%oftot.) Greenurbanareas
at risk 4,3% of tot.) 2.1%  (0.1%oftot.) Non-irrigated arable land
0.0%  (0.0%oftot.) Vineyards
0.0% (0.0%oftot.) Complex cultivation
3.6%  (0.2%oftot.) Water courses
78.3% (2.7%of tot.) Continuousurban fabric
18.7%  (0.6%of tot.) Discontinuous urbanfabric
0.0% (0.0%oftot.) Industrial or commercial units
Local integration 0.9%  (0.0%oftot.) Road and rail networks and associated land
core 67.4% 0.0%  (0.0%oftot.) Greenurbanareas
at risk s e 0.0% (0.0%oftot.) Non-irrigated arable land
0.0% (0.0%oftot.) Vineyards
0.0%  (0.0%of tot.) Complex cultivation
2.1%  (0.1%of tot.) Water courses
38.4y, (1.6%oftot) Continuausurban fabric
51.2% (2.1%of tot.) Discontinuous urbanfabric
23%  (0.1%oftot.) Industrial or commercial units
Global choice 0.0% (0.0%of tot.) Road and rail networks and associated land
core 33.0% 0.0% (0.0%o0ftot.) Greenurbanareas
atrisk (4,2%of tot.) 25%  (0.1%oftot.) Non-irrigated arable land
11% (0.0%o0ftot.) Vineyards
0.0% (0.0%of tot.) Complex cultivation
46% (0.2%of tot.) Water courses

Table 3.2: Pisa- Percentage®f network and syntactic cores at risk for each land use

-109-




Continuous urban fabric

Discontinuous urban fabric
Land principally occupied by
agriculture, with significant
areas of natural vegetation

J
J
-/Road and rail networks and

associated land
Non-irrigated arable land g

lAirports

~—— Global Integration Core (R=n) —— Local Integration Core (R=400m)

~—— Global Choice Core (R=n)
Figure3.47: Pisa- Percentages of syntactic cores at risk for each land use

Global Integration Core (R=n)

Continuous urban fabric
Water courses . :

Land principally occupied by
agriculture, with significant

Discontinuous urban fabric
areas of natural vegetation

1 Industrial or commercial units
| \ ,l-‘ £
L X
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~J |/
"~ JRoad and rail networks and
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Non-irrigated arable land :

'Airports

Global Integration Core (R=n)

Figure3.48: Pisa-Percentages of global integration core£R) at risk for each land use
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Local Integration Core (R=400m)

Continuous urban fabric

-, Discontinuous urban fabric

Water courses, 2,27

Land principally occupied by /' /
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areas of natural vegetation |
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I B b [\ “~+._|Road and rail networks and

Complex cultivation © \ ~ 4 5

e W S | associated land

Non-irrigated arable land" “Airports

- Local Integration Core (R=400m)

Figure3.49: Pisa-Percentages of local integration core #00m) atrisk for each land use

Global Choice Core (R=n)

Continuous urban fabric
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Land principally occupied by / \
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R Ve / \ _/Road and rail networks and
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) associated land

Non-irrigated arable land” “Airports

~——Global Choice Core (R=n)

Figure3.50: Pisa-Percentages of global choice core<R) at risk for each land use
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Significant elements of vulnerabilifypointed out through previous steps, are confirmed
by values of networbased vulnerability and population at riSiSTEP 3): the total
value of all cores at risk, represerst a percentage df1.8% of the total network
(Vntwa = 4.3%; Ve = 3.4%; Vine= 4.2%)the percentage value of populatipotentially

at risk results to be35.4% of the total populationof the study area
(Fig. 3.91). Therefore high leves both of structural vulnerability and human risten

be noticed
Pisa
— 100%
+ 90%
+ 80%
= 70% S
3 ©
+ 60% S
E 5
+ 50% 5
. — 40% ;
T 30%
- 20% *
+ 10%
: - - e S 017
1.0% 10.0% 100.0%
Network based vulnerability

Figure3.51: Pisa Representation of vulnerability elements

Considering extenand location ofAAR flooded areas divide the studystemin four
smallersubsystems(Fig. 3.52), of various dimensions. In fact, theystem is spatially
broken and the modeled pastent configuratiorsignificantly differs from theactual
configuration(Fig. 3.52 Fig. 3.57).
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Figure3.52: Pisa,Scenariol. Postevent configuration and relative subsystems

Given that inScenario@configurationmain cores are located along or across the river
(Fig. 3.54, kg. 3.56, Fig. 3.58)their structures and localisation is compromised by the
event.Individually examining each supstem,ASAoutcomes provideoreslocated in
discontinuouspacegFig. 3.53,Fig. 3.55, Fy. 3.57).

Figure3.53: Pisa- Scenaridl, global Figure3.54: Pisa- Scenarid) _
integration core (R n) (black:segment map; (black: segment map; red: global integration
red: global integration core (Rn); blue: area core (Ren); blue: areaat risk)

at risk; grey: segments within flooded area)
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Figure3.55: Pisa- Scenarial, localintegration Figure3.56: Pisa,Scenarid0
core (R=400m) (black: segment map; red: local (black: segment map; red: local integration
integration core (R n); blue: area at risk; core (R=400m); blue: area at risk)
grey: segments withirflooded areg

Figure3.57: Pisa,Scenariol, globalchoicecore
(R=n) (black: segment map; red: local
integration core (R n); blue: area at risk; grey:
segments within flooded area)

Figure3.58: Psa,Scenarid)
(black: segment map; red: global choice core
(R=n); blue: area at risk)

The strong impact of the event can be also noteesiningfrequency distribution of
normalised indexe¢Fig. 3.9, Fig. 360). Frequency curves relative to all examined
configuration (i.e.:Scenario@configuration andScenarioiconfiguration as composed
of four small urban areas) show that pegéent conditions imply aignificantreduction

of high integration value Global integration results particularly impacted: relative
valuesdoes notfollowing the same distribution shape in tBeenarios meaning that

high values are almost nahy morereproducedfter the event.

-114-



Naln (R=n)
150 -
g 100 -
(8}
=]
o
(&)
L 50 -
LALSNTH I ¥
0 lamafm®=r? '\i\f"‘\‘-l.\;./kc‘.s
0 20 40 60
Class
Scenario 0 Scenario 1 (SUB4
=== Scenario 1 (SUB& == Scenario 1 (SUB4

80

Scenario 1 (SUBZ

100

Figure3.59: Pisa- Comparison betweerScenari® andScenariolfrequency distribution
curve of normalised global integration values
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Figure3.60: Pisa- Comparison betweerScenaridd and Scenariol frequency distribution

curve of normalised global choice values

In order to achieve a global comparison betweé&smenarioOand Scenariol the

correspondent twalatasets of syntactic measures are pssrepplyingPCAHCA

According toPCA outcomespoth these datasets can be representetiMoyprincipal

componentsHC,, PC,), beingsatisfed all available citeria of selection omeaningful

components (seel@p. 2, Par. 2.2.3):
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A Scenario 0- Along with alarge group of poirstwith mean value oéll examined
variables(Fig. 3.8, black points Fig. 3.8, black segmenjsa smallercluster
accouns for units with higher than averagcal indexes and global integration
(Fig. 3.62, purplepoints Fig. 3.8, purple segmenfsSpaces represented thyst
latter cluster areolcated just across the rivencluding a bridge This outcome
highlights thatin this part of the gridthe overlappingof global and local
configurational properties is s linked to the importantonnectionfunction
between the banks. A second grooprresponds to units with significant
properties at the global scale, having high values of global choice
(Fig. 3., light blue points Fig. 3.6, light blue segmen}sReldive spaces
show a well-distributedstructureover the study area, including zones next to
river and river crossingsA further groupincludes elements with higher than
average segment length and global choice, nmit welkintegrated Fig.3.&,
blue points Fig. 3.8, blue segmentsjSilhouette= 0.401;CCC= 0.754;
Bx[Avg.-Singld= 0.930;Bx[Avg.-Complete} 0.767;B«[Avg.-Median]= 0.789;
Bx[Avg.-Centroid]= 0.930;Bx[Avg.-Ward]= 0.600.
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Figure3.61: Pisa- Scenario Q
correlation circle
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- Scenario 0
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Figure3.62: Pisa- Scenario 0

score plot

Figure3.63: Pisa- Scenario OoutcomesPCA/HA@rocedure

(color range referred to relative score plot in Fig. 3.62)
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A Scenario 1 SUB, - The dimension of the dataset (and of the relative segment
map results limited in respect of the initial configuratioh.large part of all
elements own average configurational properties (Bigb, black points
Fig. 3.8, black segmen}s A small cluster with both high local values and
global integration can b®und corresponding to a wetlefined area located not
far from the river and mainly representing the local syntactic core of the
subsystem(Fig. 3.65, purple points Fig. 3.6, purple segmen}s A single
elementis includedin a further clusteras a log notwell integratedsegment
(Fig. 3.65, blue pointFig. 3.66, blue segmeéntHaving a significant value of
global choice, this third cluster corresponds to an impomdetnal connecdon
between twalistinctparts ofSUB,.

(Silhouette= 0.387;CCC= 0.717;
Bk[Avg.-Singld= 0.851;By [Avg.-Complete} 0.699; B« [Avg.-Median]= 0.771;
Bk[Avg.-Centroid]= 0.864, B[Avg.-Ward]= 0.671).
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Figure3.64: Pisa- Scenariol (SUB),
correlation circle
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Pisa - Scenario 1/ SUB1
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Figure3.65: Pisa- Scenarial (SUB),
score plot

Figure3.66: Pisa- Scenariol (SUB), outcomes ofPCA/HAMrocedure
(color range referred taelative score plot in Fig. 3.65
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A Scenario 1 SUB, - AImost all spaces of this sslgstem present average values

of considered syntactic indexd§ig. 3.68, black points Fig. 3.®, black

segments A small number of unitsonstitutes a limited groupith high global

integration and choicevhich actually correspond ta sort of onnection

between two parts oSUB (Fig. 3.8 orange points Fig. 3.8, orange

segments Constituting both a linking corridor ared welkintegrated area, this

space assursa significant role in respect of the global internal functioning of

the sulsystem

(Silhouette= 0.637;CCC= 0.765;
Bx[Avg.-Singld= 0.989;B«[Avg.-Complete} 0.862;B«[Avg.-Median]= 0.870;
B«[Avg.-Centroid]= 0.990;Bx[Avg.-Ward]= 0.798).
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Figure3.67: Pisa- Scenariol (SUB), correlation circle
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Figure3.68: Pisa- Scenarial (SUB),
score plot

Figure3.69: Pisa- Scenariol (SUB), outcomes ofPCA/HA®rocedure
(color range referred to relative score plot in Fig. 3.68)
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A Scenario 1 SUB; - In addition toa largegroup ofspaces with average values of
all examined configurationahdexes(Fig. 3.71, black points Fig. 3.2, black
segments a second clusterof elements presentshigh value of global
integration andglobal choice (Fig. 3.71, red points Fig. 3.2, red segmenjs
Combining the two mainmovement processes at a global analysis scale,
correspondent spaces assume a central role in setting most representative
syntacticcentralities.Elements characterised by low integration values and high
global choice and segment length constitute a thiodmy(Fig. 3.7, blue points
Fig. 3.72, blue segmenjsThelatter mainly correspond to connectstio reach
segregated ares&scated near the area boundary
(Silhouette= 0.345 CCC= 0.748
Bk [Avg.-Singld= 0.883 By [Avg.-Complete¥ 0.735 By [Avg.-Median]= 0.771;

Bk [Avg.-Centroid]= 0.910; By [Avg.-Ward]= 0.709).
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